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SECTION 11T

. .
In the first section of this report we described our point of view
about testing in connection with classroom instruction and we developed
the model that we are studying. ‘This model postulates a generic task
(such as ‘addition of two-digit numbers) and uses a random sampling prin-
ciple to generate sample items, the performance on which gives an un-
biased estimate of the proportion of items in the universe that can be
answered correctly by the student or examinee. This model is restricted
to a generic task for which it is unlikely that the examinee can "guess
right"; as such it does not apply to multiple-choice items. Instead
the model is more closely related to the content standard notion.of Ebel
which was described in Section I. '

~ The notion of an item universe plays an important role in our study.
Let us contrast two approaches to test development that might be chosen
--one that emphasizes performance on a particular set of items (the

test) and uses various procedures to select an optimum set of items,

and another that emphasizes an item universe, the performance on which
is to be estimated, and selects what may be .called randomly equivalent
sets of. items as tests. For example, one might construct a number of
addition items and call this a "pool"; such a pool is not necessarily
the universe of all possible such items. One could then try out a num-
ber of items and use one of several procedires to secure for each of the
items studied an index or a pair of indices that describe the item in
some specified fashion. One then might select items in terms of these
indices to make up a test or possibly two or more so-called equivalent
tests. A basic feature of this type of test development is that a con-
* tinuum of examinee ability or achievement is postulated as essentially
the criterion against which performance on an item is Jjudged.

Early, and rather simple, item analysis procedures included the
correlation of item performance (a biserial or point biserial correlation
coefficient) with performance on some group of items that was taken as
a surrogate for the postulated "ability" or "achievement" dimension
which ordinarily was conceived as a latent and unobservable trait. Such
a study would yield for each item a measure of difficulty (proportion
right or, more properly, the "easiness" of the item) and a measure of
association of the item score with the score given by the sum of the
item performances. One could then select jtems with a desired pattern
of difficulties that correlated well with the. surrogate, and use these
as a "test." Today we have more sophisticated procedures based on
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one-parameter, two-parameter, or three-parameter item characteristic
curve models. These models also requiredi’postulated continuum of
"ability" or "achievement" as a criterior®and yield (at least) a. mea-
sure of hqw well the item discriminates, which is essentially a mea-
sure of how well the item is associated with the surrogate variable.
One can then choose items that discriminate well at a certain level or
levels of difficulty to build a test, and this test should function
well to sort examinees or distinguish among examinees at this point or

these points.

In practice, it is recognized that for item analysis or item char-
acteristic curve analysis to be useful a substantial number of examin-
ees must be tested; comsequently these procedures probably are most
useful for large-scale testing programs--programs of commercidl test
makers, of state-wide testing such as California's, and the like.

‘ It is at this point that one may ask about the utility of such pro-
cedures for the case of a single classroom group of students who are
being taught certain specific task performances or problem-solving pro-
cedures. ' First, this number of students may be 20 to 30, and there may
not be any other available students who have had a similar instructional
history and are‘being instructed currently in the same fashion. In-
struction is designed to change the pérformance of the examinee and,
usually, to change the performance rather rapidly; if this occurs, then
examinee achievement is not stable over time but improves. Furthermore,
for any given set of students in a classroom, the change in performance
probably proceeds at different rates for different students; if so, the
achievement continuum that must be postulated for the first approach to
test development changes with instruction and furthermore these changes
are not simply a consistent displacement of the distribution some con-
stant number of units on the continuum. One then wonders whether data
gathered at one time lead to a test that has similar optimum character-
istics at a later point in the instruction. This is an especially im-
portant question if the instruction is effective and the students are
changing rapidly. If the schooling has no effect, of course, then the
item analysis or ftem characteristic curve procedures will develop tests
that are very much like conventional academic aptitude or intelligence

tests.

Let us now look more closely at classroom instruction. It may be
true that academic aptitude or intelligence tests provide useful data
for organizing classrooms, possibly in selecting curriculum materials,
and the like. However, classroom instruction often is designed to bring
about fairly specific changes in performance in the students, and these
changes are seldom evidenced in aptitude or intelligence test scores.
How then might tests be developed that would give a teacher information
about the changes in performance that the teacher hopes will take place?

The generic task.” There are a number of school objectives that can
be viewed as the Improvement of student performance on a generic task.
Given an appropriate set of words for the age and instructional level of
the students, the spelling of such words is a generi¢ task. Given a
base 10 (or for that matter, base 2 or base 12? number system, the addi-
tion or the subtraction of numbers in this system is a generic task.
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Given appropriate passages, the identification of the main idea or of
the topic sentence of such paragraphs is a generic task. For any such
generic task, there will exist a number of specific tasks each of which
employs a specific content. Thus

29
+14

is a specific task in the addition of two two-digit (base 10) whole num-
bers. The generic task plus the subject matter or content that is spe- .
cified in the objective define a universe, the performance on which is

a measure of the current.achievement of a student or of a group of stu-
dents. Thus at various times in the educational history of a student,
we may want to ask how well he can add two whole numbers, how well he
can add two or more two-digit numbers, how well he can add several two-
digit numbers for which regrouping ("carrying") is required, how well he
can add several decimal numbers, and the like. Each such question con-
ceptualizes a universe of specific tasks that is homogeneous in the
sense that all the specific tasks are an example of the same generic
task. .

Thus the generic task plus the content or subject matter define a

, universe of performances, and these specific tasks can be taken as the

: foundations of achievement items. In order to prepare such items for .
use with students it is necessary, in addition, to define the conditions
under which the specific performance is to be observed; this definition
will in effect specify item format, time of testing, mode (oral or writ-
ten) of testing, etc. It should be clear that the choice of conditions
may be arbitrary. For example, the item

29
+14

and the item
29 + 14 =

differ in format and may measure at least slightly different achievements.
However, it is not unreasonable to include as part of instruction, in-
formation about common formats and about the formats that will be used

in exercises-and/or tests. The analysis of an instructional objective
should describe the generic task, the appropriate subject-matter or con-
tent, and the various conditions under which student performance is to

be observed. With these spelled out it is then possible to generate

items to be administered to the students.

If it were feasible and economical, one might want to observe the
performance on every item in the universe; however, this ordinarily can-
not be done. For example, there are 104 items for the addition of two
two-digit (base 10) whole numbers, if we allow zero to appear in any of
the four positions. If a student requires 30 seconds to work each prob-
lem, then 83-1/3 hours would be required to complete all the 10,000 items.




It is obvious that a testing session this long 1is ‘impossible for any
student. Let us grant that except in possibly trivial cases of small
finite item universes, it is never possible in practice to secure a
universe score for any student. What then can be done? The item anal-
ysis or item characteristic curve approach attempts to solve the prob-
lem by identifying a set of items that in effect are highly correlated
with the surrogate variable, and to develp estimates of ability from
the scores on this set of items. Note that the universe scores still
are not available, and that the surrogate variable, depending upon how
it is constructed, may or may not be a well behaved estimator of the
universe score. Also, note that what is regarded as a high correlation
between the score on the items selected for the test and the score on
the surrogate still may allow large discrepancies in the rank order of
students on the two variables. Simply .observe a fairly regular scatter
plot with a correlation of, say, .50 to see this.

Another approach is to build tests by sampling at random from the
jtems in the item universe. Interestingly, this can be done even though
the entire item universe is not actually written out or specifically
available. Again consider the addition generic task we have used before. -
The 10,000 items of this universe are implicitly available, and a random .
sample of these items can be constructed readily by randomly selecting
digits (including zero) to fill the four spaces for each item. It then
follows that a test of m items constructed in this fashionyields a score
(number right) that is an unbiased estimate of the (unavailable) stu-
dent's score on the item universe. In other words, if we secure the
performance of a given student on such independently selected m-item
tests, the average score for the student approaches the student's aver-
age universe score as the number of tests increases. Thus an estimate
that is fairly stable can be secured by choosing m to be large enough.
We note that for this approach, a test itself is not of primary concern;
our concern is with the universe score of which the test yields an
estimate. .
Applications to classroom testing. We took this notion about the
construction of tests that are related to classroom instruction, and our
ideas about the estimation of the parameters of our item model into
classrooms, administered tests over.a period of time, and worked with
the teachers on the interpretation of the data yielded by these cdass-
room tests.

Our first task was to identify some teachers who were carrying oyt
a program of arithmetic instruction whose objectives would permit the
type of test construction we were studying. We wanted the teachers to
be able to specify on a week-to-week basis the generic task or tasks
they were trying to teach; we then showed the teacher examples of items
and item formats fitting this specification and the teacher chose the
type of item that the teacher regarded as appropriate. We also suggested
a test length and a time at which we would come to the class, administer
the test or tests, score the tests, and give the teacher the results.
In general we attempted to carry out weekly testing over a period of
time, with the understanding that the generic task being tested could
change from week to week in keeping with the teacher's instructional
plans and the progress of the students. We also provided for randomly




equivalent tests to be used two or three weeks in a row when the teacher
judged that the students needed further instruction and practice on a
particular type of task. As the data presented later in this section
indicate, we employed several equivalent forms for a given task over a
period of several weeks in some instances. We also used quite a few
different task types in keeping with the teacher's instructional program.

Perhaps the most important feature of this testing program is that
it was tailored to the instruction being planned for a particular class-
room and a particular group of students. Another important feature is
that it provides evidence over time of the performance of the same group
of students. A third feature is that relatively small (20 to 30) groups
of students were the focus of any particular test. Thus this testing ‘
experiment differs markedly from typical uses of standardized tests in
school-wide, district-wide, or state-wide testing programs. We believe
that tailoring the test to what the teacher actually is attempting to
teach at that time and testing the same students over time to determine
progress give this testing program a basis in instructiop that is unique.

The test construction process was carried out by us as soon as we
had, for a particular group of students, the teacher's specification of
the generic task (or tasks) and of the desired item format. We did re-
strict item formats to those for which the student was required to ‘pro-
duce the response (nather than a multiple-choice item format); this was
dictated by the model we have described earlier which“assumes that the
examinee cannot "guess right." To'build the items required for a test,
we used a table of random numbers to select digits (including zero) for
each of the positions in the item form. For example, there are nine po-
sitions. to be filled for any addition problem with three addends, each
consisting of three whole numbers. For a division problem with a two-
digit whole number divisor and a three-digit whole number dividend, there
are five positions to be filled. By selecting digits at random from a N
random number table to form an item, we in effect created with a set of
these items a random sample of all the possible items of that type. We
also were able to introduce conditions which in effect defined an item
universe that is a sub-universe of a larger one. For example consider
the subtraction of a two-digit whole number from a three-digit whole
number. Some of these items require no regrouping ("borrowing") and can
be solved correctly simply by . writing down the differences for two pairs
of numbers, as in this example: ‘

857 "
-34

Our procedures permitted us to sample randomly from this sub-universe |
of items without regrouping, as well as from the entire universe. We -
i1lustrate this below in a miniature study of "borrowing" in subtraction.

The tests that were constructed were typed on a master, using an
IBM "Orator" ball which prints large numbers. Their size can be observgd .
in the examples attached to this section.




We then had the test duplicated on (usually) colored stock; this -
S was useful whenever we had two tests to be administered to the same
~ group of students during the same period, as weé.often did. Generally
we could place 10 items on a sheet; consequently, if the teacher wished
a test of 20 items on a particular occasion we cﬁeated two randomly
equivalent 10-item tests, on sheets of different color, and we could
administer them separately, using the.color code to identify the test.
At other times a teacher asked for two different tests on the same oc-
casion, such as an addition test and a subtraction test; again the
color code simplified administration and the scoring the tests. We
scored the tests as soon as they were completed by the students by
marking items as correct or incorrect”and recording the number correct
-on the top of the test sheet beside the student's name. These marked
tests were given to the teachers who used the data as they saw fit.

We also recorded the results for our records, recording ] or O
(correct or incorrect) for each item for each student. We then subse-
quently entered our data into the local computer and secured_estimates,
for that group of students on that type of test on that occasion, of
the parameters of our item model. These parameters are k, the propor-
tion of students in the + category of the dichotomous latent class
variable, and xt the conditional error rate for each of the items in
the test. We interpreted the estimate of k as an estimate of the pro-
portion of a population of students (similar to the classroom sample in
instructional history) who understand and can perform the generic task,
i.e., belong to the + latent class. Our expectation was that the value of
the estimated k would increase beginning with the introduction of the
ski1l being taught through the period of systematic instruction and
practice.

Different teachers used the test results differently. Three major
uses appeared to evolve: (1) providing information to the teacher about
individual and class performance on tasks emphasized during the previous
week's instruction; (2) providing information to the teacher for plan-
ning further instruction; (3) providing immediate feedback to students
about their errors and offering reinforcement for work well done. It
was our belief that having the tests prepared, administered, and scored
by "outsiders" (i.e., by us) helped to establish a serious working at-
mosphere in the classroom. Several times we observed this effect of aur
entrance into the classroom when a substitute teacher was in charge that
day; when we passed out the test papers and began the testing, the stu-
dents became serious about their work.

Teachers often used the test results to discover the specific prob-
lems students had with the previous week's material, and these observa-
tions often influenced the plans for future instruction. For example,
if students did pdorly on a particular sét of problems, the teacher
might spend more time on this area during the next week and ask us to
) prepare a similar set of items for the next week's test. If the students

' did well, the tedcher would likely move on to a new area and ask us to
prepare items over this new domain for the coming week. Also, there were v
times when teachers requested new tests over tasks that had been covered
earlier in the year as a way of detefmining how well students had re-

tained the material.




Many times teachers returned the scored test papers immediately to
the students so that they could discover and correct their errors;* thus
students received immediate feedback that showed them how well or poorly
they had done and had an opportunity to redo the problems they had
missed. Since the tests were relatively short, students could work a
set of problems, have them scored by us, and correct their errors all
within the time period allocated to arithmetic for that day. Teachers
also often charted the scores from week to week for individuals and for
the class as a whole, and some teachers posted this information on bul-
. letin boards.

Our impression was that the teachers who participated in our program
believed that they were helped in several ways. For one, we constructed
the tests $nd relieved the teacher of that burden. For another, the
presence of outsiders for a short period of time once a week helped to
change the classroom atmasphere and efphasize the seriousness of the
tests. The immediate scoring of the tests which permitted prompt feed-
back te teachers and to students was highly regarded. (Note that school-
wide or district-wide testing programs usually involve a long delay ‘
between test administration and the communication of information about
the performances.) Also the weekly program gave regular practice in

- test-taking spaced over the school term; this regular practice may have
helped students to retain what they were Tearning. .8

\
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Test results. wé present in the Appendites fo} Section III tables

of data derived from classroom testing over a period of approximately
one and one-half years. In each table we identify the arithmetic task
and its specific item format and then give information for the various
classes who took this type of test. The information includes the date
of testing. As these dates indicate, quite often the same generic task
(but different sets of items) was administered to the same class on
several occasions. We used the Goodman procedure, described in Section
I1, to estimate k, the proportion of €xaminees who understood the generic
task and x¢ or the specific item difficulty for each item. The range
of Xt and the average Xt are presented for each administration. We also
present the number of examinees (n)‘/and the number of such items (m).
Thus if one accumulates the product of n and m over all the tables in
the appendices;, one can determine how many bits of data (item-examinee
responses) were collected. This number is quite large.

The append1ces present .the ,data for the -four arithmetic tasks sep-
arately, beginning with addition and ending with division. Certain ob-
,servat1ons are prompted by the data. + :

For one, it is evident that d1fferent teachers were teaching thg -
-same type of task. Recall that any test we constructed was specifically
requested by a teacher and the item format approved by the teacher. It
certa1n1y isn't surprising that elementary school teachers of students
in grades 3 ‘to 6 were teaching arithmetic over a period of time, nor that
they.emphasized the four "fundamental" operation$. Our data indicate -
that different teachers often regarded the same gener1c task as an appro-
priate one to emphasize. .
A second observation is that within a class the same generic task .
often was' tested more than once, with testing sessions commonly held
a week apart. This aspect of the record indicates that teachers often .
.continued the test1ng (and of course the teaching) of the same task over
- a period of time in an effort to bring the class to an acceptable level
of performance. The value of the average Xt probably is a good index of
performance (especially when the value . of k s large and fairly
cons1stent) over time. As can be seen from some of the tables this
repeated test1ng of the same task (with different items) was accompanied
by decreases in the average xt, an indication” that the items were being
answered correctly more then For other parts of the record there is
a clear indication that k increases over the repeated testings of the
class; this suggests that understanding of the generic task is increas-
ing with the testing and instruction. :

R A third observation is that the overall d1ff1cu1ty, indexed by

k(1 - average Xt), differs for the four arithmetic operations among these

grade 3 to grade 6.students. In general additian is easier, which is not
. surprising, and multiplicatidn and division are more difficult. As the

dates of testing indicate, the teachers usually emphasized addition and

subtraction earlier in the year and multiplication and division later.

This too reflects a rather conventional view of the arithmetic curriculum.
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One might also use these data to identify differences between
classes. It was not our intent to use the testing procedure in this
way, and we did not (with two exceptions) use exactly the same tests
with more than one class. T(These exceptions are described below in -
the reports of the retention and the subtraction studies.) Instead,
each test was constructed for use with a particular class at a par-
ticular point in its instructional history and was designed to meet
a partiqp]ar teacher's criterion of appropriatenéss. Thus comparisons
of grougis, although they may be made, are not planned for and may be
somewhat misleading. In general we would recommend that these test
data be examined for evidence of improving achievement on the part of
a group rather than for evidence of different levels of achievement
among groups. ’ '

Finally we found that the Goodman method of estimating k and xt
functioned very well for these data, even though we usually had small
examinee groups of 20 to 30 and short tests of 5 to 10 {tems. The
estimates converged and converged rapidly. We regard the Goodman
method highly. :

B

Retention over the summer interim. An important question is -that

of retention of what has been learned from classroom instruction. In

_order to throw some light on this we abstracted a number of research

wtudies that examined this question. These abstracts follow. Note -
that many of these studies deal with reading. Only a few (see, e.qg.,
Kurtz, R.) provide information about retention of specific arithmetic
skills. Further, many of the studies used standardjzed achievement

tests which usually are not focused on specific skills.
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Begle, E.G., Ginther, J.R., Pence, B., and Davis, M. Mathematical retention over
the summer. Teacher Corps Mathematics Work/Study Group. Working paper

No. 1. (ED 138547).

The purpose of this study was to investigate mathematical retention of
Junior High School studenté over the summer months. Approximate]y ﬂl % of\tpe
eighth grade sugjects used in this study were chicano; the others were angla\\
black, ‘oriental, and American Indian. The subjects were divided into four groJBs
_ (sample size ranged from 25 to 40) according to ethnic origin and according to
whether or not they had received pretraining on thé tests. The retention tests
administered in June (seventh graders) and again in September (eighth graders
from the same group), measured (1) mathematica] reasoning, (2) computation, (3)
comprehension, (4) the ability tb Tead mathematical prose.

Sixteen means and standard deviations were derived for éach éroup for
each bf the fodr tests in June and again in éeptember. Fourteen reliabjlities
were a]So computed in June and agaiﬁ in Septembef. The reliabilitdes for two
groups were not camputed because they were predominantly anglo stud;nts, and
the Missing Words Test had been found to be reliable for all anglo-groups.

The ;uthors concluded that in general, no loss of comprehension or
mathematical reasoning over. the summer months was found, and the ability to

read mathematical prose seemed to increase slightly over the summer months.




Brueckner; L.J., & Distad, H.W. The effect of the summer vacation on the
‘peading ability of first-grade children. The Elementary School
Journal, 1924, 24, 698-707. -

Theiaufhors“examined the reading retention ability of students in twelve.

first-grade classrooms. Using the Minneapolis Primary Reading Test and the

Haggerty Reading Examination, Sigma I, they found that median scores for each

grade were lower in September than they were in Juné on the former test, but on

the Haggerty Reading Examination there was no difference.
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Cohen, A.D. The Culver C%ty Spanish:immersion program: How does summer recess$
affect Spanish speaking ability? Language Learning, 1974,_23, 55-68.

This study looks at one aspect of second-language mastery in depth:
patterns of foreign language retention among youg children after being removed
from a language contact situation for a period of time. The subjects were 14
Anglo children from the Culver City Spanish Immersion Program, a pioneering
project in American public schqol education. These children were. immersed
exclusively in Spanish during their kigdergarten year. English was gfadual]y
introduced in first grade. This report deals with the effects of summer recess
between first and second grade u;on the spoken Spanish of the students. They
were given an Oral Language Achievement Measure individually on a test-retest
basis. The results showed that a summer recess of three months took its to]i
on Anglo children's performance in Spanish. Utterances became shorter; at
| least one grammatical class (prepositions) was used slightly less while anofher
(verbs) became more prominent} the children made more errors proportionate to
what theytﬁaid; -problems with article/adjective agreement not on]y.persisted,
but in the case of the definite article, shifted in nature; the ser verb began
to be used more than estar when children were in doubt; and inflection for

person in present tense indicative verbs continued to cause minor problems.
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David, J.L., & Pelavin, S.H. Evaluating compensatory education: over what
period of time should achievement be measured? Journal of Educational
' Measurement, 1978, 15, 91-99.

The authors point put that evaluations of compensatory education
programs, in general, have not included measures of §ustained achievement. In- .
stead, judgments of program succes have been based oﬁ students' achievement during
.the school year: that 15, on a spring posttest score adjusted in some way for the
precediné fall pretest score. They hypothesized that evaluations based on
measures of sustained achievement would lead to different conclusions than evalua-
tions based on fall-to-spring achievement. Specifically, they expected that
evaluations based on a fa]]-to;fa11 period, by virtue of including the summer
months, would result in smaller aqhievement gains than traditional fall-to-spring
evaluations.

The authors obtained longitudinal datavfrom evaluations of several
compensatory-education programs. THey used data from those programs that administered
standardized achievement tests annually in both the fall and spring fpr,conff
secutive grades. The analysis consisted of comparing achievement ovek the 7-
month fall-to-spring period with achievement over the 12-month fall-to-fall period.
They did this by calculating the means for each test point for all samples with
three test administrations (fall, spring, fall) and then subtracting pretest from .
posttest to obtain estimates of mean gain for the two time périods.

The authors maintain that the results of the data subport their hypothesis
that the inclusion of the summer months in the evaluation period will result in
smaller gains in achievement: in all five samples, the second fall score is smaller
than the spring score. They conclude that there can be large and statistically
significant achievement losses over the summer and, hence, fql]-to-fa]] gains can
be considerably smaller than fall-to-spring gains. They point out that if

. evaluations of compensatory-education programs were conducted on a fall-to-fall

o basis, conclusions about program success might be quite di fferent.
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Elder, H.E The effect of the summer vacation on silent-reading ability in the
intermediate.grades. The Elementary School Jouenal, 1927, 27, 541-546.

Elder tested 203 subjects in May and Sgptember with the Monroe Standardized

Silent Reading Test. When the data were analyzed without reference to grade, it

was discovered that 59% of the subjects improved, 27% regressed, andlls% remained

the same. The average gain per pupil during the four and a half mont interval was

.45 of a school grade. Elder also found the range of performance to be greater in

September thah in May; Howevef, an important limitation in the Elder study was the
w

fact that the May test was administered almost one.month before school adjourned

for the.- summer.




Haydon, J.R., Davis, D., Bowman, J, Pritchard, J. Evaluation report, Title I
ESEA Project activities, 1966-67. (ED 016744) .

Each of the 22 compensatory education projetts conducted in the Des
Moines, Iowa, public schools during the school year and summer was sepérate]x
evaluated in this report. Some of the projects concentrated on instruction 16
“reading, language arts, mathematics, humanities. or practical science. Others
-offered special social and health services. A few projects provided enrichment,’
tutoring, instruction in small classes, or therapy for handicapped children. The °
number of students showing academit gain or loss on standard achi;;ement te;ts is

indicated in the report, but the projects' evaluation techniques and findings are

not discussed.




Hillerich, R.L. Pre-reading skills in kindergarten; a second report.
The Elementary School Journal, 1965, 65, 312-317.

The effect of summer_vacation on the retentiﬁirab161ty of k1ndergarten
subJects exposed to two different programs was the focus 3: Hillerich's 1nvestiga-
tion. He exam1ned subjects' ability to use context, find letters, listen for
letter sounds, and match letters and sounds. Subjects enrolled in k1ndengar§ens
where a workbook was used retained significantly (p ¢<.01) less than non-workbook

subjects. The mean loss on the fifty-eight items was only 2.15 raw score- points,

however. The author stated that this was evidence that the skills were retained

over the summer vacation.
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Irmina, Sister M. The effect of summer vacation on the retention of the elementary

school subject. Catholic University American Research Bulletin, 1928,
pp. 3-99. .

The author examined retention ébi]itﬁ of first through seventh grade-
subjects using eleven different Measures; including 1nte11igen£é, read1ng;
math an& spelling ability. Tests were administered the last week of sghool in
the spring and within two weeks after students returned to school in the fall. She
concluded that the word recognition ability of first and second graders was not
seriously affected by the vacation period. "The word reading, phrase reading, and
sentence reading subtest scores loss of first grade subjects was significant, but -
for second graders the loss was slight in two of the schools studied and a gain
was reported in the third school. On the Reading of Directions. subtest of the
Gates Primary Reading Tests, a consistent loss was found in grade one. In grade two,
howevér, the subjects in two of the schools reported a slight gain. Subjects in’
all thre; schools indicated a gain in reading ability at the second grade level as
measured by the Stanford Primary Reading Examination, Paragraph Reading subtest.

The author concluded that there appeared to be no actual loss in reading ability

‘due to a non-school period.




Keyes, N., & Lawson, J.V. Summer versus winter gains in rgld1ng school
achievement. School and Society, 1937, 46, 541-544.

The authors tried to determine the stab#lity of subjects' standardized

test scores over an extended period of time. Their subjects originally _j
included 164 4th, 5th ana §th graders 1in G{1beft Minn. Subject§ were testad
on the Unit Scales of Attainment each fall énd spring between 1{%3 Snd 1937. The
test included eleven subtests: reading, arftnmegic operations, ;rob1em solving,

AMmerican=history, geography, elementary science, literature, spelling, english
) usage, capita]izatidn. and punctuation. - Tests werﬁﬂiamfﬁﬁQZZit;*one mon th befor;
school dismissed in Spring and were readministeredvone month ;fter school resumed
in the fa]].~ The investigators found that the reading score djd not decrease

during the five-month interval. There was a loss in the‘mean ar1thmet1c,,sc1ence’

and literature. scores, however.




. / ' ) . )
Kurtzz}gq/ Fourth-grade division: how much is retained in grade five. The
Arithmetic Teacher, 1973, 20, 65-71.

The - design of the study provided for the testing of a]] fourth graders in a

small city schoo] system in Kansas and the retesting of those same cbi]dren at

* the beginning of the fifth grade. Only scores from the 343 students (163 boys and .
180 girls) who were able to participate in _both fourth- énd,fiftﬁ-grade testings o
were inc]udéd in the data analysis. It was hypothésfzed that thé results of the
pretests and posttests, ;hich weretadministered‘in May and SébtéMber respéctivé1y,~
would show that over the summer.fifth graders lose a sjgnificant‘amount of the
divisiort skills that they possessed at the'end of the previous year;

tA 16-item test was devised to assess various computational skills in
division at the fourth-grade level. Thé items tatéréd a Wjde range of difffcult;
from problems withva singje dig1t\d1visor and a single digit dividénd without’a'
remainder, to a two digit divisor and a two digit divi-dend with a remainder.

The overall-performance comparisons of the stu&y ghow that, on the éverage.
fifth-grade students, after the lapse of summer, were able to work appfoximate1y
two less pr6b1ems than they were able to work at the end of the *fourth grade. The
bays recovrded virtually the same loss as did thg;girls. While indications are that
Josses over the summer were great, the relatively 1;w (63%) accuracy level achieved‘
B& the end-of-year fourth gfaders indicates that the skills were not well 1earned;

After comparing the summer loss for students in the various quartiles, a
pattern emerged suggesting that students in the upper quartile registered coqsid-
erably more summer 1oss than students in the lower quartile. This information

supports the position that even the'begﬁ,fourtﬁ-grade students need considerable

revigw in the fifth grade. The fact-that fourth-grade students who scored in the

m “ —
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little loss in the ability to work these problems. Kurtz quotes the old phrase,

Kurtz, R. continued

Jowest quartile were able to work little more than 25 % Ofﬂthe prob]emé T

correctly in the fifth gradg verifies the need for developmental 1nstruct1onlin

~ the division procésses. The author believes that a short review might be

sufficient for upper quartile studenté; buf it is inadequate for thosé in. the
lower quartile. ‘ |

| A survey of the most difficult brob1ems for fourth graders showed that the
same problems weré the most troublesome for fifth graders. However, there wés

N

“you can't forget what you never learned". o - | '
The auth;r éonc1udes that this study presents sufficient evidence to
support the conc]usioh that mastery of fourthfgrAde division is not satisfactorily
attained by over one-hé]f of the fourth graders. When this mastery level is
further reduced by the attrition caused by summer vacation, it is evident that a

fifth-grade teacher should be prepared for éonsiderable variation in diyision skills

in each new class.




testing student achievement and retention of biology concepts. Report.
submitted to the East Central] Indiana Curriculum Improvement Project..
Muncie, Indiana: Ball State University, May, 1969. (ED 033866).

. b . l

Montgomery, J.L. A comparison of BSCS versus traditional teaching metho
The purpose. of this study was to exam1ne the effect of the biological sciences ‘

I

curricu]um study (BSCS) materials ‘and the inquiry teaching method on student

achievement and retention in biology. Teachers were selected who used"BSCS materials

with inquiry methods, BSCS materials with traditional methods, traditiona] materia]s wi tt

inquiry methods; and trad1t1ona1 materials with traditiona] méthods. Twelve
students selected at random from the classes of each teacher chosen were pre-
tested and post-testedﬁﬁﬁﬁng the Nelson Biology Test and the Processes 6f»Sc1ence

Test .as a measure¥3f achievement;- the same EFsts were administered after the sﬁmmer

-

vacation as a measure of retention. The data were analyzed by analysis of
2

covariance using the pretest scores as covariates in analyzing the post-test scores,

| and the post-test scores as covariates in analyzing the retention scores. The

resu]t; indicated that the BSCS students taught by 1nqu1rybmeﬁ£ods showe& the
greatest achievement, all BSCS students showed greater retention, 1nqd1ry taught
traditional students showed greater retention on the Processes of Science Test
than traditionally taught traditional students, and tenth grade students out-

performed nineth -grade students. There was also a ‘positive relationship between

class size and both achievement and retention.
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Morrison, J.C. What effect has the summer vacation on children's 1ea?ning'
and ability to learn? Ohio State University Educational Research
Bulletin, 1924, 245-249,

.
/.
Using the Haggerty Reading Examination, Sigma I, Morrison found that-the

ﬁ%didh>scores of first grade subjects actually increased over fhe summer. However,
his s}rst grade sample included only forty-five subjects, all from the same school.
When scores from subjects in grades one, two, and three were examined togefher.
70% of the §%bjects improved while 30% lost. He concluded, however,vthat fhere
was practically no change in their reading ability. |

/
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ParsTey, K.M., owell, M. Achievement gains or.losses during the academic year
~ -and ovek the summer vacation period: A study of trends in achievement by
sex and grade level among students of average intelligence. Genetic
Psychology Monographs, 1962, 66, 285-342.

Thg\authore randomly se]e;ted ninety males and ninety females at thé
second through seventh grade levels with intelligence quotients between 90 and
110 as meas;red by the California Test of Mental Maturity. The California
Ac?ieyement f@bﬁgyas used to determine if reading ability wasretaiﬁéd over the
suémgr vacation period. They found that reading vocabulary scores tended to
inctéssg, by grade ]eve{. over the summer, up to grade five. Or, while there was
a slight loss in mean scores at the second grade level, there was no loss at the
third grade level and an actual g;%n at the fourth and fifth grade level. A similar

v

trend was evident when reading comprehension socres were examined across the

-grades.

PO
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Perez, Samuel A. The effects of the summer vacatidn on reading retention.
Paper presented at the annual meeting of the International Reading
Association, Houston, Texas, 1978. (ED 158243).

To assess the effect of summer vacation on the overall reading ability of

first through fifth graders, as measured by norm-referenced and criterion-

referenced reading tests, a study was condugted involving 84 children enfo]]ed in
the Wisconsin Design for Reading Skill Development-Word Attack at the#Edith Bowen
LaboratorgSchoo] in Logan, Utah. More specifica]iy, the question being asked
was: What are the specific reading skills that are more easily retained and the
specific reading skills that are more difficult to retain by children receiving
reading instruction in an objective-based readina program?

In the spring testing the researcher administered the Gates-MacGinitie
Reading Test, Form 1 (considered to be a norm referenced test), and the Wisconsin
Tests of Reading Skill Development, Forﬁ 1 (considered to be a criterion-referenced

.test) the last two weeks prior to'sunnkr v ion. In the Fall testing, Form 2 of

the same tests was given. Awswnner activitieszguestionaire was administered to
exclude children who had recei?ed.feading instructi®n during the summer.
Three hypotheses were formulated: (1) There is no d1fférence be tween
. Spring and Fa11‘mean ;Epres of the Gates-Macginite Reading Test; (2) There is no
dffférque between Spring and Fall variance Scores on the Gates-Macginitie Test;
(3) There is no difference in the Spring and Fall mean scores measured by the
Wisconsin Tests of Reading Skill Development. An anaiysis of variance wa; used
to determine the degree of reading retention. Hypotheses (1) and (2) were accepted
and (3) was accepted with the following qualifications. Statistically significant\
gains were found on two of the 33 CRT's méasuring specific reading ability. The
statistically significant gains were recorded on fhe tests measuring short vowels
and middle vowels.
The results suggest that no significant loss in reading ability occurs over

the summer vacation; therefore, the author suggests that teachers using objective-

O ased reading pjograms need not conduct massive re;e;ting or reteaching in the fall.
' b
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RudQE\R{?.. Sex, intelligence, and school‘reading curriculum as factors in-
fluencing summer retention of overall reading ability and specific
reading skills of first-grade subjects. Technical Report: Ngmbesr~Z83.

Wisconsin Universitw, Madison: Research and Development Center for

Cognitive Learning, 1973. (ED 095515).

This study was designed to assess the effect the summer vacation period
has on the reading ability of first-grade subjects, as measured by norm-and
criterion-referenced reading tests. The data were analyzed to determine if sex of
subject, IQ, or type of school reading curriculum were related to the ability
to retain overall reading ability or specific reading skills.

Subjects in the study were 311 first-grade pupils enrolled in nine
northeastern Wisconsin elementary schools. Approximately one-half of the subjects

i
were enrolled in an objectives-based reading program while the remaining subjects
were enrolled in basal reader curricula.

A11 subjects were administered the Gates-MacGinitie Reading Test, Primary

A, and the Wisconsin Tests of Reading Skill Development-Word Attack, Level B, two

weeks prior to and two weeks after the summer vacation period. In addition, the

California Short-Form Test of Mental Maturity was administered to all subjgcts

during the spring testing sessions. Subjects with IQ scores which fell within the

third or” seventh stanines were not included in the data analysis. A multiple

analysis of variance statistical treatment was used to analyze the data. Retention

of reading scores between the spring and fall was the dependent variable; sex of

subject, intelligence, and type of school reading curriculum were the independent

variables. |

Statistically significant differences were found be;wgen the mean spring .

and fall test scores on eleven of the fourteen ﬁeasures. Sex of subject and type of

' gchoo1 reading curriculum were not significantly related to ability to retain reading

skills. Intelligence of subjects was found to be related to retention ability

Q




Rude,R.T. continued

on only two of the measures,

Fifteen percent of the subjects changed from being considered "masters"
of the specific reading skills in the spring to being c]ass1f1ed as “nonmasters
in the fall. Ach1ev1ng a score of eighty percent or better on any- of the specific
skill tests was the criterion for mastery.

It was concluded that even though statistically significant losses occurred
on most of the tests, the most meaningful measure of change was the difference be-
tween the percentaée of subjects cons1dered¢to have mastered the skills in the
spring versus the percenfage in the fall. The fifteen percent change between the
two times was not considered great enough to suggest massive schoolwide retesting
of all subjects in criter1on-referenced reading programs. Instead, retesting of
subjects h1ght be done on the basis of teacﬁer subJecf1Ve Jjudgment, thereby re-
ducing considerably, the cost and time.necessary to implement such a reading
AprOgram.

In conclusion, then, sex of subject, intellectual ability, and type of
school reading curriculum do not appear to be important variables re1ated>to the
retention of overall reading ability and specific reading skills. wh11e'sign1f1cant
losses were found on eleven of the fourteen measures, when the data were examined
in terms of percentage of subjects considered to have mastered the skills in the

spring and fall, only fifteen percent of ‘the subjects needed to be recategorized.

s




Rude, R.T., Foxflover, P.,’'& Niquette, S. Retention of visual and auditory
d1sc{gg1nation reading skills. Journal of Education Research, 1975,
68, -196. N

The authors concluded that kindergarten children tend to retain visual

discrimination skills during the summer months while they tend to show a slight

loss in auditory discrimination skills.




{

Scott, L.F. Summer loss in modern and traditional elementary school mathematics
‘programs. California Journal of Educational Research, 1967, 18, '145-152.

Scott reported two studies investigating retention of mathematics
ability after receiving instruction in either a modern or traditional mathematics
program. Using an analysis of variance technique, he found no significant
differences in retention ability attributable to the two instructionat prerams \\E>
at the first and second grades in one study. In the other investigation, no |
significant differences in retention ability were found at the third, fourth. and’ | ;
sixth grade levels. He found a significant difference (p <.01) favoring the : y;
traditional group in the first study, while in the second study he found a significant |
difference (p <.01) favoring the modern mathematics group at the fifth §rade,1eve1.

Overall, there was little difference in retention between the two programs.




*Townsend, A. Growth of. independent-school pupils in achievément on the
Stanford Achievement Test, Educational Records Bureau, 1951, 56, 61-67.

Using the Stanford Achievement Tests, and following 56 subjectsy over

three grades and two summers, she found the lowest test-retest correlation on the

Reading subtest to be .883. Even though high correlations between test scores

were found, she cautioned that care must be exercised when interpreting her data.

Correlations between two consecutive fall test scores, for example, were usually

higher than consecutive spring-fall test scores. It 1s‘1mportant to note that in

her study, classroom instruction continued one month after the spring tests were

administered and, in the fall, another month of instruction was carried out before

the post assessment was conducted.
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Turner, E W. The effect of long summer holidays on children's literacy. Educa-

tional Research, 1972, 14, 182-186.

. The summer holiday was used as a device for holding steady the school-
based variable in order to 1nvestigate a possible connection beﬂ@een pupils’
home/neighborhood backgrounds and their ability to_:etain reading-skills.

A Sma11ﬁpilot scheme u;ihg a language-based battery of tests to assess a
small number of children (N=30) from disparate backgrounds yieTaed significant
?iiylts: aa survey was then ca;ried out with 83 from ﬁdnicipa] hous ing anq
143 children from owner-occupied property (This study seems to have been
conducted in a Middle School 1in Eng]and the 1nfonnation is scanty).

The agthor statés that an analysis of the results indfcated a corre]atioh
between background and retentfon of reéding‘dbd]ity. He concliudes that the more -
able children are less affected by wha; he terms "adverse forces", and the h;;;wt

able seem particularly vulnerable.




Weinberger, J. Temporal retention study on IPI mathematics. Report to U.S.

.. Department of Health, Education & Welfare, Office of Education, 1969.
(ED 036181). : ‘

-

In the individually prescribed instruction (IPI) system, once a pupil
. begins working through the objectives, it should not be

necessary to have him take placement tests each fa]]. The purpose of this |
\;tudy was to determine whether or not it is necessary to give placement tests to the
pupils at.the begin%ing 6f each schoo],yea?. To meet this purpose, the numbér of
units the pupiis have gained or lost over the summer has been calculated by area in
the cohtjﬁuum and grade level of‘the pupil. " The data used was extracted from the
pupils' placement profiles forthe spring and fall of 1968 in four schools for

1,231 pupits representing grades 1-5. These data were anaiyzéd to determine

if the IPI policy regarding a fall placement test yés Eorrect. The results of

the study show that it is unnecessary to have the placement test again in the

fall.




‘ Ndhble, M.L. Summer recess: Does it make a difference on Title I student

achievement? (ED 141445).
: t

-

A random sample of fourth and eighth grade title I students who either did

or did not attend summer school was tested to determine what effect the title I
summer school program had on student achievement and summer loss in reading ang™" ™"

mathematics. Academic achievement was assessed by the Stanford Achievement Tests.”

An ‘analysis of covariance was computed on the pretest and posttest scores for - ¢
A

~ both groups of students (summer school and nonsummer school) for each service
(reading and mathematics) for each grade level. The pretest scores yerved as the
covariate and the posttest the criteria. Most differences between the twg groups
. were nonexist;nt by the end of septefber. Studenfs not attending summer school
usually gained more or lost less than students attendin§ S:Tfsg,school. The

necessity of a summer Title I academic program was coﬁside ed, questionable.
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These abstracts strongly suggest Ehat we do not have adequate and

relevant data to determine to what extent classroom instruction in spe-
4_cific arithmetic skills is retained over a period of time such as .the
| summer. Studies that use a testing system such as the ore we are study-

ing and compare performance over time for students who actually were
given direct instruction and practice on specific skills clearly are
needed. ‘ . : ' ’

i ) o o : - o
We were able to retest (using the same sets of items) in September
1979 two groups of students who had been tested earlier in that year

. or later in the preceding year. We present these results in Tables 1

through- 3.

We mote that for the addition task tested, Class 4 tended to per-

~ form in much the same fashion over.the period of approximately a year.

Class 5 performance may indicate that the specific number combinations
have not been well retained; this is indicated by the average xt values.
Also note that we were unable to retest 6 of tHe.25 students in Class 5.
For subtractionnthe results were quite similar on the two occasions. for
Class 4. Class .5 may have made some progress, if the value of the aver-

‘age xt is examined; ‘however, k decreased slightly. For multiplication

the value of the average Xt did not change much for either class; how-
ever k did. . ,

‘These three sets of results may be most valuable in suggestinga
slightly different approach to the study~of retention. We believe that

. for generic tasks such as these, thegvalues of X are an indicator of

the difficulty of the specific number combinations in the item, and the
values of k an indicator of the proportion of students who understand
the generic task. These data suggest that there is no strong evidence

across these time periods of either marked growth or marked deterior- ~

atiqn'with_respect to either of- these aspects of achievement.

A miniature study of subtraction. Finally we present a small study
as an illustration of the use of conventional analysis of variance pro-
cedures with“our types of tests. For Classes 4 and 5 we prepared 20
subtraction items (randomly placed on two 10-item sheets) of 4 types.

A1l of the items had this format: '

<

222
) -z22

Five of the items required no regrouping ("borrowing") and could be
solved correctly by simply writing down the difference between each pair
of numbers. We had observed earlier that some students made a mistake

"of this type on problems that did require regrouping.  The second type

required a regrouping in the tens place only (“borrowing" a ten). The
third type required regrouping only in the hundreds pTace, and the fourth
type required regrouping in both the ten's and hundred's places.

- Both tests were given to 25 students in each of the two classes on

" the same morning (but at different hours). The data were then examined

for evidence of differences in difficulty of the four types of items for
the two classes. Our expectation was that the two classes would perform

!




Table 1

Retention Study: Addition '

222
~ 422

-

. C1ass‘4

1;~Daté

~ Range of X, Average X

t t

10-11-78

.96

.08-.16 .10

9-27-79 0-.09 .05 2
Class § 4

Date k  Range of X, Average ﬁt n

M- 1-78 .92 0-.17 10 25

9-27-79 .95 19

J11-.28 .23

‘39~v 42




Table 2

Retention Study: Subtraction

2z2Z ) :
-22 S | o
e . ' . Class 4 ‘
Date 'k Range of 3t“ Average it‘ n me
10-11-78 .96  .08-.28 .20 26 5
9-27-79 .92 .09-.27 .16 24 5
Class § | | . .
- Date k- Range of % Average Xy " m !
11-1-78 .88  .05-.86 8 25 5 I

9-27-79 . .84°  .19-.44 .30 19y 8 o




Table 3
"Retention Study: Multiplication

. 22
xZ
Class Sf.'
Date k  Range of Xy Average X, n m
3-29-79 .88 .18-.59 .37 25 10
9-27-79 .95 0-.78 .41 19 10
. . A ]
222
) x2Z
Class 4 ~ \
Date k  Range of it Averagebﬁt n *m
4-19-79 .97 .07-.48 . .3 30 - 10

9-27-79

.88 - .18-.52 - .32 24 10




. at a different overall level, with Class 5 more accomplished on the
average than Glass 4. We also expected that the first type of item
(no “"borrowing") would be easier than the other three types, with these
three types possibly progressively more difficult.

. Table 4 presents the average item difficulty value for the eight
“calls of this design (2 classes by 4 item types). Each such entry is _
based on 125 responses (25 students by 5 items). These data suggest -
that the two classes perform at different levels as was expected and
that Item-Type 1 (no "borrowing") is easier than the other three item
types, also as expected. There is aoé%trong evidence here that item
types 2, 3, and 4 are systematically different in qgfficu1ty.

Table 4

]

Average Subtraction Item Difficu]ties
for 2 Classes and 4 Item Types .

™ N
[tem Type
Class 1 2 3 4
4 .94 .78 4.70 .74
5 98 .87 .90 .sb

These results are summarized in Table 5 which presents the conven-
tional anova table for these data. If we make certain distributional
assumptions then we can identify statistically significant effects in
this study. The effect (mean square) due to item types, when compared
with the variation within types yields an F ratio of 29.40 that is sig-
nificant well beyond the 1% level, even though we have only 3 and 16
df for this comparison. For classes we have an F ratio of*3.95 which .
is not significant at the 5% level but is at the 10% level. (Incidentally,
this comparison is essentially a two independent group t-test for the '
examinees' total scores on the 20 items. As such it is the most robust
comparison in this study.) The comparison of classes by item types with
the source attributable to individuals within classes by item types yields
as F ratio of 1.62 which is not significant at the 10% level. This com-
parison essentially asks whether or not the two classes differ in their
"profile" over item types and is an approximation to a multivariate test.
No other comparisons seem to be meaningful in this study.

. The results suggest that the two classes may differ ip overall per-.
formance, but this is not strongly indicated. The results also suggest
that the item types present different levels of difficulty to the stu-
dents, a finding that is consistent with much informed teacher experience;
here, however, we. have isolated a specific question and allowed system~
atically collected data to reflect on this belief or hunch. Finally,
the results do not support the notion that there is an "interaction" of
class and item type or a difference in profile over item-type for the two
classes. C . '
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Table 5

Andva Results, Subtraction Study

Source df SS MS
Items 19 - -
Between Item Types 3 440.00 1.47
Within Item Types 16 0.78 0.05
Individuals 49 - -
Between Classes 1 3.36 3.36
_Within Classes 48 40.84 0.85
Items by Individuals. 931 - -
" 'Classes by 4 Item Types 3 0.78 0.26
Classes by Items/Types 16 1.14 0.07,
Individuals/Classes by
4 Item Types 144 22.52 0.16
Individuals/Classes by '
‘ 768 53.68 0.07

ItemS/Types’




We wish to emphasize the point that this illustrates the conven-
tional treatment of data from short tests devised according to our
model. Each of the four types formed only a 5-item test, yet these
were adequate to give a dependable answer to the question of differ-
ences in task difficulty. It seems likely that thése short tests are
not highly reliable in a conventional sense, and that this is associ-
ated with a lack of power in the comparison of the two classes. We
should remember, however, that these tests were not built to maximize
the separation of groups by "pretesting" items and selecting them ac-
cording to difficulty level and discrimination; instead each of these
five item tests consists of five exemplars of a generic task drawn
randomly from the universe of all such exemplars. We believe that we
should be encouraged to find that such short tests developed without
preliminary item analyses and primarily 'for use in monitoring class-
room instruction can also be used in a more conventional fashion.
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Date

11-3-78
11-9-78
11-17-78
12-11-78

Date

10-18-78
10-18-78
10-25-78
10-25-78

Date

10-3-79

Date

10-3-79

j=<>

.00
.00
.00
.00

j=>

.00

k
.00

ADDITION

4
+Z2Z

Class 2
Range of it

0-.72
0-.52
0-.10
.04-.17

Class 5

Range of Xt

0-.21
.04-.33

0-.17
.09-.22

Y

: Class 7
Range of X¢

.07-.23

Class 8
Range df it

0-.09

£

Average Xt

.33
- .21

.05
- .07

-

Average Xt

Average Xt

1

A

Average Xt

.02

&

|1

I=

23

oo o,m

10

10




]

Date

10-5-78
10-12-78

Date

09-28-78
10-04-78
10-11-78
09-27-79

Date.

09-27-79
09-28-78

. 10-04-78

10-11-78
11-01-78
11-01-78
11-08-78
11-15-78
02-07-79
02-21-79
02-28-79

Range of Xt

ADDITION

222
¥zz
Class 3
‘ Range of Xt Average it
0-.08 02
0-.20 .06
Class 4
Range of Xt Average Xt
S N .05
.04-.20 .09<
.08-.16 10
0-.09 : .05 -
Class 5

11-.28 .23

0-.54 .32
. 0-.52 , .3
.18-.59 .32
.04-.27 - A7
0-.17 .10
.08-.28 .18
.09-.27 15
0 0
.10-.14 A2
0-.045 .02

Average Xt

Is

10

(S 5, ]

oo |3

NN OTCTBgTTW O v |3




Date
12-15-78
01-12-79

Date,

03-08-79
05-03-79

1\

Date

01-10-79
01-17-79
01-31-79
02-07-79
- 02-14-79
02-21-79
03-08-79
03-15-79
03-22-79
03-29-79
04-19-79
04-26-79

Date
10-17-79
10-31-79
11-07-79
11-14-79

I=>

.96

j=>

.00
.00
.96

\ ADDITION

\\ 222
| +222
Class 2
Range of X¢ Average Xy
.04-.18 .09
.08-.23 - 12
Class 4 -
Range of it Average xt
. -_—
0-.07 04
004 .04
Class 5
Range of it Average X,
o]3'.30 1-22‘.“”“““"'
0-.33 N q122
.04-.14 .09
.10-.22 L .16
123 Seal2s
.04- .07 06
*.04-.16 11
.08 08
.04-.25 ‘10
0-.08 _ 04
.04-.08 .05
Class 7
Range of Xt Average xt
.07-.26 .15
.04-.36 . 15
0‘3025 .14
0-.25 12

™

B 2

2.

(S8, ]

E] w w

W L W W W WN RN NN K



A I
, \ . ADDITION
/ : 222
» +222

™ (Continued)

| Class 8
i N A N A
Date ; X Range of Xt Average Xt
10-17-79 1.00 0-.25 .15
10-31-79 1.00 .08-.20 .12
10-31-79 1.00 - .04-.12 .09
.j
i
,W)
i
» L ]
e

—
N o



- ' ADDITION

2222

~ +222 . S——
. Class 3
Date E Range of Xe Average Xt | n m
10-12-78 1.00 0-.20 .06 10 5
Class 4
'Da!“e K Range of Xy Average Xt n m
10-04-78 .96 - .08-.36 .16 26 5
10-&1-73 1.00 .07-.23 .15 26 5
10-25-78 1.00 .04-.21 12 28 5 R
11-01-78 1.00 0-.12- .06 26 5 .
11.08-78 1.00 0-.19 .09 27 5 5
Class 5
Date ' _’@ Range of X, . Average X¢ n m
10-04-78 .93 0-.48 . .31 27 5
10-11-78 - .84 .10-.55 .38 24 5
02-07-79 .84 .11-.19 .15 28 2
02-14-79 - "84 ., .05-.22 .14 29 2
02-28-79 = .89 .10 - .10 25 2

j
i




Date

03-08-79
05-03-79

Date
01-31-79
03-15-79

- 03-22-79
03-29-79

04-19-79
04-26-79

Date

" 11-28-79

L N
Date

11-07-79
11-14-79
11-28-79

03-08-79 -

A=>

.97

.97

I>=>

.92

(
j=<>

1.00

- ADDITION

2222
+2222
Class 4
" Rapge of it Average
.04-.15 . .10
.04-.08 .06
Class 5
Range of it Average
.08-.30 .18
+ 0-.17 .08
J12-.21 ® .16
.06-.26 .16
A1-.19 .15
.08-.12 .10
.05-.14 .09
Class 7
Range of it Average
.08-:29 | 19
C1ass'8
Range of it‘} Average
0-.13 ' .08
.04-.12 .09

0-.19 .08

>< )

..

>€ )

> )

(=

28

(=]

?6

NN

NN N W

e |3




Date

01-24-79 . -°
01-31-79.

v

Date

01-24-78
01-31-78

Date

11-07-79
11-14-79

11-28-79

ADDITION, THREE ADDENDS

)

> D

>

- Class 4
‘. 3: Range of X, -  Average
.00 10-.17 L4
.00 0-.13 .09

Class 5
¥E~ Range of Xt Average
.96 ¥ .09-.65 | .32
.96 & 04-.22 10

o Class 7

o :

‘E 'Range of it Average
.00 .15-.52 - .29
.96 .08-.46 .23
.96 .04-.56 .24

> >

- 30

=1

29

=

24

28

27

26

n o

(S8 8))

e

10



10-18-78
10-25-78
. 11-01-78
11-08-78
01-24-79
01-24-79
01-31-79

Date

01-24-79
01-24-79
01-31-79

Date

12-12-79
12-20-79

Date

11-07-79
11-14-79
11-28-79

LS

.00

I=>

.97

it il d e
.

.00
.00
.00
.00

.00

<>

.96
.89
.93

j=< >

.00

j=>

.00
.96
.96

. Class 3

. Range of X,

ADDITION, FOUR ADDENDS

Average Xt

> >

X

0-.33 ° .165
C]assv4’ ]
Rangé of it 'Ayerage
.18-.46 B
.18-.57 L4
.08-,38 .20
11-.41 22
.03-.39 17
.10-.38 -.,20 -
.03-.23 .15
Class 5
" Range pf it - Average
.09-.57 .37
s .25-.63 .47
.12-.46 .26
L4

C]ass 7

Range of gt

3y
.08-.58 .31
.05-.43 .24
Class 8
Range of X£ Averagh it
.16-.52 32
- .08-.44 .28
.24

.08-.40

Average Xt

27

t

=)

=

29

28

29
29

n

24
22

E

-10

—
oo

20

10
10



. DECIMAL ADDITION

Class 1, . & ) -
| Date E Range of X, Average X, . n m
v - . - T o= T _
03-02-79 ~  4.00  .06-.53 .25 .32 5
03-09-79 . 1.00 \03-.20 R . 30 0 .
Class 5 \
, : -
bhte ’ E Range of Xt _ Average Xt . n ©m ’ : ‘
T 11-29-79 < .81 .05-.29 S8 26 4
12-06-78 _ .95 .06-.17 ’ , - .09 19 -
“ Class 6
Date _AK_ Range of Xt ~ Average Xt\ n m
02-21-79 1.00 0-.09 . .06 .33 . 9
3

03-08-79 .94 .03-.10 ' .07 - 337




L d

Datej

*  12-01-78

j=>-

- 1.00

SUBTRACTION
2z -
hut 4
/
Class 2 -
] +
Range of Xt Average Xt ' Cn m
. .05-.42 h .21 19 - 100 .




Date

12-01-78
12-11-78

Date

-10-18-78
"10-18-78
- 10-25-78

10-25-78

Date

10-03-79

10-17-79

Date

10-03-79

’

|1=<>

.93

|=<>

.96

SUBTRACTION

2z
-2z
. Class 2

Range of it Average
0-.53 .27

.04-.48 o .23

Class 5 >
‘;"———-"

Range of-Xt Average
0-.35 .18
0-.32 .20

.08-.33 .20

.09-.41 : .21

Class 7

Range of it Average

.07-.89 - 155

.04-.37 .20

Class 8

Range of it Average

0-.27 ' .16

>< >

o 3/

>< )

>< )’

(=)

30
27

|>

23

13

O OoT O

I3

10




Date

10-05-78
10-12-78

“Date .

09-28-78
10-11-78
09-27-79

Date

09-28-78
10-11-78
17-01-78
11-01-78
11-08-78
11-15-78
11-29-78
12-06-78
02-07-79
02-14-79

02-21-79

02-28-79
03-29-79
09-27-79

28

|=>

x>

.86
.96
.92

Range of Xt

0-.33
0-.20

Range of Xt

.17-.58
.08-.28
.09-.27

’

Range of Xt

.12-.82
.35-.74
.12-.38
.05-.86
.12-.88
.00-.76
.00-.48
.05-.28
.125
.14-.27
.10-.22
.00-.45
.04-.16
.19-.44

SUBTRACT ION

222
zzz
Class 3
Average it
.16
2
Class 4
Average it
.43
.20
.16
Class 5

Average it

=

12
10

(=

28
26

24

E

E]

—
;Mo

I3
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Date

12-15-78
01-12-79

Date

10-04-78
03-08-79
05-03-79

Date

10-04-78
01-10-79
01-17-79

01-31-79

02-07-79
02-14-79
02-28-79

"~ 03-08-79

03-15-79
03-22-79
04-19-79

04-26-79

Date

10-31-79
11-07-79
11-14-79
12-05-79

|=>

|=>

.92
.93
.95

j=>

.75
.96
.84
1.00

SUBTRACTION

222
-222
Class 2
Range of it
.08-.42
.12-.65
Class 4
Range of it
.04-.46
.00-.19
» «10-.25
Class 5

Range‘of it

.10-.67
.04- .58
.08-.38
.04-.25
.00-.62
.05-.33
.00-.33
.00-.39
.00-.08
.17-.44
.15-.23
.09

Class 7

Rande of Xt

| Average

>< )

.32
.31

>< >

Average

.25
.095
175

N

Average i

t

.51
- .22
.20
1
.31
.19
.165
.20
.04
.31
.19
.09

Average X

t

.37
.32
.38
.20

bi

=

27

I=

28

25
26

E]

(3,8, ]

E]

—
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Date ‘E
10-17-79\ 1.00
10-31-79" .96
10-31-79 ™~ .00
12-05-79 .00

1

Rahge of Xt

.04-.21
.12-.29
.08-.24
.00-.24

SUBTRACTION

2z2
-22Z

(Continued)

Class 8

Average it

(=

24
25
25
25




Date

10-11-78
10-18-78
10-25-78
11-01-78
11-08-78

Date

10-11-78
02-07-78
02-21-78

I=>

.00
.90
.89

I=>

.46
.00
.97

Range of it

 SUBTRABTION

K 2 2222
-222

Class 3

X

Average it'

t

>x<)

0-.08 , .03
0-.44 .18
0-.25 .075
Class 4
Range of it}’ Average
0-.29 .13
0-.41 .19
11-.35 .23
.16-.40 .27
.08-.42 ‘ .24 ¢
Class 5
Range of it Average
.09-.64 . .42
.18 .18
.17-.52 .35

(B=]

26

28
26
27

=]

24
26

I3

oom

]

oo oum

I3

[aSEAC NS )




Date

03-08-79
05-03-79

Date

01-31-79
03-08-79
03-15-79
03-22-79
03-29-79
04-19-79
04-26-79

Date

11-28-79

Date

11-07-79
11-14-79
11-28-79

|7<>

.96
.97

j=>

.85

|7=<>

L3

SUBTRACTION -

2222
-2222
" Class 4

Range of Xt Average
.19-.54 | .36
.08-.37 .23

Class 5
~ Range of it Average
0-.08 .04
.19-.54 .36
.15-.30 o .25
.26-.67 41
.14-.40 .22
.12-.54 .28
.09-.54 .25

Class 7
_Range of it Average
.19-.73 . .38

Class 8
Range of it Average
.09-.41 .24
0-.45 22
.14-.24 .19

b.i

>< )

>< >

>< )

>< )

w, e

(=

28

I>

2%

(=

25
25
26

i3

ww

I3

i3 WWWWWWMN

e |3



Date

~ 03-02-79 1.

~1
Date

02-21-79
03-08-79

j7=»>

j7=»>

.97
.94

SUBTRACTION OF DECJMALS
Class 1

<)

Range of X¢ Average

[ 4

.09-.78 .48

Class 6

Range of X¢ Average Xt

.06-.38 19
0-.19 12

=

32

1>

33

13

13




Date

02-16-79
02-23-79
03-02-79

Date

02-07-79

. Date

02-21-79
02-28-79
03-08-79

I=>

.00

|=>

.00
.00

MULTIPLICATION

y 2
XZ
Class 2
Range of it Average
13-.71 .51
0-.28 .09
0-.67 ) .35
{/ Class 4
Range of it Average
0-.17 .04
Class 5
Range of it Average
0-.58 .19
0-.40 .16
0-.41 .12
by,

>< )

>< )

>< )

=

29

E

10

[E]

15
15



MULTIPLICATION

zzZ
XZ

Class 3

Dafe E Range of X, Average X, n m
10-26-78 1.00 0-.13 .01 8 10
12-07-78 1.00 0-.17 .08 29 4
12-07-78 1.00 .03-.24 .15 29 4

Class 4
Date E Range of Xt ‘ Average Xt n »m
01-10-79 1.00 11-.39 .26 28 10
01-17-79 .96 0-.33 .18 28 /5
02-21-79 - 1.00 0-.16 .06 25 4

, Class 5
| Date E Range of it Average it n m
03-15-79 .92 0-.63 .39 26 10
03-22-79 .73 .16-.42 .33 26 10
03-29-79 .88 .18-.59 .37 25 10
; 04-19-79 1.00 .04-.65 .33 . 26 10
04-26-79 .96 .04-.46 .34 25 10
09-27-79 .95 0-.78 .43 19 10

Class 8
Date E Range of X, Average X, n m
12-12-79 0-.20 .10 15 20




Date

01-17-79
02-21-79

Date

12-20-79

1>

.97
.00

<>

.00

Range of it

MULTIPLICATION

222 o '
/ ), ¥4

Class 4

.07-.52 .29
.04-.08 .05 -
Class 8
- Range of it AQerage i
0-.31 .15

4

Average Xt

t .

1=

25

16

I3

w U

I3

. 20




MULTIPLICATION

It o .‘:,',,.” s ) . 2222 , - \'
' ' XZ

Class 4'

I=>

Date

|=
=2

‘Range of Xf e Average Xt _
02-14-79  © .93 = .04-.33 . J9 29 3
02-21-79  1.00 - .16-.24 21 25 3



MULTIPLICATION

22,222
XZ
Class 4 .
Date | ,E | Range‘of th Average Xt n m
02-14-79 .96 .21-.50 .34 29 3
\\ff, ] .
{

o ‘ Ly




I= >

02-14-79 -

MULTIPLICATION = -

222,222
. Xz ~ 3
Class 4 ~ , T
Range of Xt Average Xt rD— m
.19-.50 .36 29 3




[y

MULTIPLICATION

»
T 2,222,222
XZ

“Class 4

Range_of X, "Average Xy ‘

1>

Date

(b=
=3

02-14-79 .80 .35-.74 ' .54 29 3

-t




Date

01-18-79

Date

02-28-79
03-08-79

Date

09-27-78

|7<2

.00

j=>

.87
.00

I=>

.00

MULTIPLICATION

2z
XZZ
Class 1
Range oflié B Average
.04;.26v . I
Class 4
Range of it | Average
.20-.36 . .28
.07-.21 « .13
a Class 6
Range of it | Average

.04-.45 .20

>< >

>< )

><)

n m
27 5
n m
29 4
28 3
n - m
——‘ —
22 10



Date

01-18-79

Date

10-12-78
12-07-78

Uate

02-14-79
02-21-79
02-28-79
03-08-79
03-15-79
03-22-79
03-29-79
04-19-79
04-26-79
09-27-79

Date

10-04-78
10-11-78

T

.93

j=>

1.00

MULTIPLICATION

.16-.44

- .06-.33

.04-.25

Yy 94
XZZ

Range of X¢

Range of it

Range of it

.18-.68
.08-.64
.23-.72
.04-.39
.15-.50
.08-.65
.12-.64
.07-.48
.07-.43
.14-.52

.13-.54
.05-.40

Range of Xt

Class 1

Average

.30

Class 3

Average

.18
16

Class 4

Average

Class 6

Average

.35
.21

>R

><)

>

>< )

(=

27

=

29

n

22
20

I3

I3

I3

10




Date

02-28-79
03-08-79

j=>

.79
.94

MULTIPLICATION

2222
XZZ

Class 4

Range of Xt

.26-.43
.20-.58

Average Xt

.34
.36

=

28

I3

W



n ,

Date

»

01-24-79

1

|= >

.00

MULTIPLICATION

222
X222

Class 1

Range of it

.04-.62

Average Xt

.35

|I=

26

I3

10




MULTIPLICATION OF

b

DECIMALS

Date

02-28-79
03-08-79

I=>

K

.00
.00

Class 1
Range of it

.62-1.00
.03-0.25

Class 6
Range of Xt

.04-.29
.09-.27

Average it

.89
.13

Average Xt

.19
17

>

32

\'3

29
33

32




DIVISION .

d ‘ Zfzz
%
Class 3
Date & Range of X, ' Average Xy n m
10-19-78 - 1.00 0-.22 .10 18 10 '
11-30-78 .96 .10-.30 .18 21 3
Class 4
o {Tx ~ v v
Date K Range of Xt Average Xt n m
11-15-78 96 . .16-.44 .36 26 10
11-29-78 1.00 0-.48 .22 23 5
11-29-78 .99 . .30-.87 .57 23 5
12-06-78 1.00 .04-.37 . 21 .27 7
12-06-78 .91 .18-.35 .28 o 27 3
01-31-79 .93 .07-.75 .31 : 30 10
02-07-79 1.00 .03-.34 19 o 29 10
Class 6 _
vate & | Range of X, ‘Average X, n m
10-25-73 1.00 0-.15 o .07 20 10 :

11-01-78 1.00 .05-.10 .06 - 21 5




DIVISION

ZIZZZ

Clags 1
Da i Range of X, o Average Xy n m
02-01-79. .93 0-.23 a5 28 5
03-05-79 1.00 .04-.17 a1 24 3
Class 3 1
n ~ |
vate R RanseofX,  AverageX, ;g l
: |
11-30-78 - .82 .18-.24 .20 21 3
\
Class 4
Date E Range of xt . _ Average xt n m
03-15-79 .56 .41-.93 .67 27 10
03-22-79 .96 .08-..46 .27 25 10
03-29-79 .92 .18-.45 - .33 - 28 10
04-19-79 .93 22-.48 . w2 .32 29 10
04-26-79 1.00 0-.41 , .26 29 10
’ Class 6
Date K Ramg& of xt Average xt n m
11-01-78 .95 | .os-.as .20 21 . 5
11-29-78 1.00 0-.11 .04 19 3




Date

11-29-78

1=

.95

DIVISION

ZlZZZZ

C1ass-1

v

Range of Xt

.04-.31
.04-.17

Class 6

Range of it

0-.17

Average it

.15
1

Average it

.07

=

24

=

19

13

W U -

I3




Date

11-30-738

1= >

.90

o

0-.37

D

<
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ZZlZZ

Class 3

Range of it

Average it

.23

=

21
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Date
10-26-78

11-30-78
02-08-79

Date

11-08-78
11-15-78
11-29-78
01-10-79

I=<>

.48
92

<>

140

1.00
1.00

DIVISION

zzlzzz
Class 3
Range of th Average it
0-.27 .15
0-.10 .07
.13-.38 .22
Class 6
Rangg of it Average it
.09-.32 : .25
.05-.29 .20
A1-.17 13
0-.16 ‘ .09

=]

2

21
18

i3

10
10

3

10

10




PDate

02-13-79
- 03-05-79

Déte

- 02-15-79

,02-22f79

Date

11-29-78
03-15-79
103-22-79

1.00

|=>

1.00

.93

I=>
¢

~N WO
O W

T =

1.00

Range-of X£

ﬁange of X,

DIVISION

zz[ 222z .
‘Class 1 . '

.08-.86 - .30
.24- .51 | .37

Class 3

§

s

.27-.58 .51

0-.33 - 1

Average Xt‘

L

Average Xt

.08-31 20
Class 6
Range of it* B Avérage it v
e ——————— '{ ‘ :,‘ e — ‘
.19-.24 22
0-.46 S 26

(=]

. 26
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22
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DIVISION

Y4 IZZZZZ

Class 3
Date : E Range of Xt Average Xt‘
02-15-79 .86 .17-.75 - .46
- 02-22-79 . 82  .11-.39 . 230
) 02-22-79 . .87 .32-.48 .39
+
4.
- A

n m
28 2
22 , 5
2 .. 3

v 2 o
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S 22222222 . - o
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.
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" DIVISION INVOLVING DECIMALS
Class 1

Range of it Average i

t n

{7=>
EN

Date

03-26-79 .69 .33-.84 .68 28 10
04-23-79 1.00 0-.24 1 33 10




SECTION IV

ABSTRACTS OF SELECTED
RESEARCH STUDIES R




Adams, E. N. On scoring a mastery learning system control test.
Journal of Computer-Based Instruction, 1974, 1, 50-58.
hat

The state of.learning of a student is modeled as M or N, to agree
with the outcomes mastery and non-mastery made of a control test. The
quality of the test item is characterized by two error parameters, equal
to the probabilities of errors of testing, Types I and II. A scoring
algorithm is specifiedobased on the probabilistic theory of inference.

A bootstrap system for determining error parameters is described, capable

"~ of providing continuously improving estimates of error parameters from
ranalysis of individual learner performance data, and it is shown to

converge to true values of the parameters in a system for which the
underlying model is valid. A Baysean approach is used top determine
parameters. In contrast to the classical model of symmetrical random
error, in their model positive and negative errors are unrelated. The

. possible application of the ideas to control test scoring is discyssed.

In this paper the author acknowledges Emrick with whom he prepared
a report on the implications of a dichotomous states model for the
reliability of test scores of conventional and pass -fail varieties in
the mastery learning situation.

Aims, D. A Markov model for predicting performance on criterion-
referenced tests. Southwest Regional laboratory Technical
Memorandum? ' ' ‘ ‘ .

A Markov' model for predicting performance on criterion-referenced
tests is presented. The model is expressed mathematically as a function
of a transition matrix (T), a current state Vector (Vc)’ and a future

state vector (Vf). The matrix is defined in terms of conditional

probabilities; 1.e., the probab111ty of making a trans1t1on to a specific
future performance state given data pertaining to the,student's current
performance state. Performance is expressed in terms of mastery, a
theoretical construct that is defined in the paper. State vectors
indicate either the probability of mastery or the degree of mastery: The
current state vector can be computed from available observed cr1ter1on
test scores. ~

Three examples are included which indicate how transition matr1ces
may be computed. An example is also provided which shows how the model
can be used to predict future performance. Finally, a research appli-

.cation and a management application of the Markov mode] are mentioned.

Definitions
- State Vector; is a function of probability of mastery or
degree of mastery.
(Vc) - Current State, Vectors: Exist for all units of instruction

that have been completed. :
(Vf) - Future State Vectors: can be calculated by using one current

state vector and the appropriate transition matrix.

Mastery - is a theo:e\1ca1 construct used to represent the maximum
performance level for a spécified content objective when performance is
measured with a criterion test which makes no assessment errors.
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Transition probabilities are based on test scores obtained for a
sample of students who have previously completed the necessary units of
instruction.

Mathematica]]y, the prediction model is. represented by the following

matrix equation: VfJ T1J : Vc1

where VfJ is the future state vector for unit j, v 11s the current state
vector for unit i, and T -1s the transition matrix from unit 1 to unit j.

Applications of the Markov Mode]

1. To predict the effects of various instructional sequences on
subsequent performance.

2. To select an optimal decision strategy, e.g. in business.

A Markov model enables prescriptions to be, based on a strategy which
maximizes future predicted performance. The method may be evaluated by
comparing it with a strategy that maximizes current performance. Evalua-
tion of the two prescription methods would likely involve a direct
comparison of actual posttest performance.

Anderson, J., Kearney, G. E., & Everett,~A. V. An evaluation of
Rasch's structural model for test items. The British Journal
of Mathematical & Statistical Psychology, 1968, 21, 231-238.

Rasch's item analysis model for intelligence tests was examined
using a 45-item spiral omnibus intelligence test, administered to two
samples of 608 and 874 subjects respectively. F1ve separate hypotheses
were tested:

1) Item difficulty indices are independent of the sample on
which they are based
2) Indices of item difficulty are not substantia]]y influenced
by other items in the test
3) Item difficulty indices are more stable when only items that
fit the mode] are considered
Indices of item difficulty are not 1nf1uenced by the com-
posi%ﬂon of ability groupings
Ability level indices are independent of the sample on which
they are based

Findings provide evidence for Rasch's claim that the difficulty
level of items and ability level indices are independent of the sample
on which they are based.

In the beginning of the paper, a review of Rasch's model is given.
It is noted that the model does not lend itself to small samples.

Anderson, T. W. On estimation of parameters in latent structure analysis.
Psychometrika, 1954, 19, 1-10.

The latent structure model considered here postulates that aKpOpu--
lation of individuals can be divided into m classes such that each class
is "homogeneous" in the sense that for the Tindividuals in the class the



responses to K dichotomous items or questions are statistically inde-
pendent. A method is given for deducing the proportions of the popu-
lation in each latent class and the probabilities of positive responses
" to each item for individuals in each class from knowledge of the proba-
bilities of positive responses for individuals from the population as a
whole. For estimation of the latent parameters on the basis of a sample,
it is proposed that the same method of analysis be applied to the observed
data. The method has the advantages of avoiding implicitly defined and
unobservable quantities, and of using relatively simple computational
procedures of conventional matrix algebra, but it has, the disadvantages
of using only a part of the available information and of using that part
asymmetrically. : : )

Baker, F. B. O;igins of ﬁhe jtem parameters X50 and B as a modern item

analysis technigue. “Journal of Educational Measurement, 1965, 2,
167-180. ‘ :

The purpose -of this paper is to bring together the developments
relevant to the curve fitting methods of item analysis. The approach is
to present the developments in essentially chronological order from its
inception in the Binet studies to its modern impTementation on digital
computers. ) -

The author points out that the modern digital computer has freed us
from nearly all constraints due to data processing or computation asso-
ciated with item analysis, therefore we shouid not continue to operate
under yesterddy's }imitations. He notes that despite Lawley's paper
showing that mental test theory should begin with the specification of
the characteristics of the items within an instrument and that subse-
quent theory should be built upon the item parameters, most of the
current mental test theory begins with the test score and ignores the
underlying composition of that score. Baker concludes that full advan-
tage of the technological advances can be made only when modern item
analysis techniques becaome an integral part of the total process of test
development.

Barcikowski, R. S. The effects of item discrimination on the standard
errors of estimate associated with item-examinee sampling procedures.
- Educational and Psychological Measurement, 1974, 34, 231-237.

A Monte Carlo study was conducted using item-examinee sampling
procedures to examine the standard error of estimate for a given test's
mean and variance. The main variables considered were test length, item
difficulty, and item discrimination. The results indicate that optimal
estimates, i.e., smallest standard error, of both mean and variance fyom
a single item-examinee sampling plan may not be possible.

Barcikowski, R. S. A Monte Carlo study of item sampling (versus
traditional sampling) for norm construction. Journal of
‘Educational Measurement, 1972, 9, 209-214.
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Using a computer-based model of an item trace line, a random
sampling experiment concerned with comparing item sample estimates to
traditional (examinee) sample estimates of the mean and variance of a
distribution of test scores was conducted. The results indicated that
the optimal method for estimating a test's parameters may .depend on
several conditions. As expected, item sampling proved superior to
traditional sampling in estimating test means under all conditions.

" However, with certain test lenghts, ranges of item difficulty, and

discrimination, traditional sampling provided better estimates of test
variance than did item sampling.

Barcikowski, R. S., & Terranova, C. Item sampling. Unpublished paper.

This paper is concerned with the least number of items which are
necessary to provide adequate test norms. This study was designed to
consider the item sampling technique under several conditions of item
difficulty and item discrimination. The problem was to determine whether
the item sampling procedure is better or worse for obtaining estimates
of means and variances than the traditional methods of sampling examinees
or schools, when the items are of various difficulty and discrimination
ranges.

The study was conducted on the IBM 7044 computer. A population of
300 examinees, 50 test items, and a distribution of test scores depen-
dent upon them were considered. To obtain the scores on the computer,
an examinee received a score of 1 if he answered an item correctly, and
a score of 0 if he answered it incorrectly. The normal ogive model was
used and the following assumptions were made: v

(1) a unidimensiopal continuum of the variable of interest

(2) the examinees are distributed normally along this continuum

(3) the items are dichotomous .

(4) the items are independent of each other at any given point on
the continuum; and

(5) a rectangular distribution of item difficulty and item dis-
crimination. ~ :

Several points were made by the authors:

(1) This was not an empirical study. To further substantiate the
results, an empirical study would be of interest. ) [

(2) The results indicated that item sampling could be used pri- ‘
marily in the situation where examinees have the same ability level
(homogeneous groups) and the discrimination of the items is high. Most
norming situations can fulfill these conditions with slight method-
ological modifications. However, in those classroom situations where
there are heterogeneous groups, item sampling procedures may not apply.

(3) A more efficient method of comparison between item sampling
and traditional sampling procedures must consider cost of instruments
and administration as well as time expended under both procedures, in
addition to the variables considered in this study.

(4) This method is not appropriate for speed tests since it assumes
that performance of an item is independent of the content in which the
item is met.
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(5) The use of the method described in this papér should be of use
in the systematic study of the optimum number of both examinees and

‘items necessary to provide adequate test norms.

Bejar, I. I. Assessing the unidimensionality of achievehent tests.
Paper presented at the annual meeting of the American Educational
Research Association, San Francisco, 1979.

The author presents two procedures which seem useful for detecting
violations of the unidimensionality assumption made by latent trait
models without requiring factor analysis of inter-item correlation
matrices. The procedures, require that departures from unidimensionality
be hypothesized beforehand by sorting the items within the test into
content categories. This is usually possible in achievement tests where
several content areas or objectives are included in the test. The
rationale of the technique is based on the fact that if the latent space
is unidimensional then performance on the test, or a subset from it, "’
should be the same regardless of which items are included in the test.
These two procedures are illustrated with data from two biology mid-
quarter exams. :

Bell, A. I. A comparison of three equating procedures on the certifying
examination for primary care physician's assistants. Paper presented
at the annual meeting of the American Educational Research Association,
San Francisco, 1979.

A question has been raised concerning the stability of the reference
group for the certifying examination for primary care physician's
assistants, since the educational background of the students who are
entering the training programs is higher today than it was when the test
was normed. S

To answer the question about ‘the ability of the current examinees,
four equating methods were used:

(1) - Rasch equating procedure
523 Linear raw equating procedure
3) A "short-cut" version of (2), and

(4) Item statistics equating procedure. ' o

The Rasch procedure was best able to answer questions about the o
items and the examinees. ‘ .

Benson, J. A comparison of th‘;;he- and three-parameter logistic models
on measures of test efficiency. A paper presented at the annual
meeting of the National Council on Measurement in Education,

San Francisco, 1979.

The purpose of .this study was to empirically compare tests developed
by the one- and three-parameter logistic models in terms of relative
efficiency. The data employed were a 50 item verbal analogy test from a
sample of 5000 high school students. The procedures included item
selection, computation of ability estimates based or™ cross-validation
samples, and a relattve efficiency comparison of the two tests. The
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results indicated that cognitive tests developed using the one- and
three-parameter logistic models did not differ in terms of their rela-
tive efficiency for most ability groups.. ‘

Benson, J. A comparison of three types of item analysis in test develop-
‘ment using classical and latent trait methods. Unpublished paper.

} .
This study was designed to empirically compare the precision and

efficiency of a cognitive test constructed by three different methods of

item analysis. Classical item analysis, factor analysis and the Rasch
logistic model. were used in the construction of 15 and 30 item tests,
replicated for samples of 250, 500, 995 examinees. The study was designed
in three phases:

(a) item selection

(b) double cross-validation of the selected items, and

(c) statistical analyses of the test item characteristics
The results of the analyses showed that there were no apparent differ-
ences in the types of tests produced by the three methods of item analysis
with regard to the precision-of measurement.

It was noted that 30% of the items on the 15 item tests and 60% of
the items selected on the 30 item tests were commen to each item ana-
lytic method. Therefore, as test length increased the three methods
tended to select the same items.

Thus, the question to consider is: Should practitioners in the
field of measurement spend their time learning to use the Rasch model to
develop cognitive norm-referenced tests knowing the extra work and
sophistication of knowledge required to effectively use the Rasch
procedures? With the criterion of internal consistency as a measure of
test superiority, it appeared from this study that time spent factor-
ially developing tests, or if computer facilities were not available,
the use of classical item analysis procedures seem more than adequate
for good test construction. :

However, internal consistency which is an integral part of classi-
cal test theory (and may be biased since it was derived from the clas-
sical model) may not be a fair and sufficient criterion. The relative’
efficiency formula (Lord) was not derived for any spec?fic test develop-
ment theory; therefore, relative efficiency estimates should be applicable
to any test development technique.

Generally, the results indicated that the Rasch test was superior
to the two tests based on classical test theory for students of average
to high ability. The two tests based on classical test theory, however,
were superior in efficiency to the Rasch developed test for very low and
very high ability students, Thus, the test constructor must ask himself,
for which segmemt(s) of the examinee population is the test intended to
discriminate? '

Benson, J., Crocker, L. M., & Ware, W. B. A comparison of three types-
of item analysis in test development using classical anq latent trait

methods. Paper presented at the annual meeting of the National
Council on Measurement in Education, Toronto, 1978.
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This study was designed to empirically compare the precision and
efficiency of a cognitiveAteét constructed by three different methods of
item analysis. Classical item analysis, factor analysis and the Rasch
logistic model werewsed in the construction of 15 and 30 item subtests;
replicated for samples of 250, 500 and 995 examinees. The study was
designed in three phases:
éa; item selection” . , ‘

b) double cross-validation of the selected items, and

(c) statistical analyses of the test and item characteristics.

The results of the analysis showed that there were no apparent differ-
ences in the types of tests produced by the three methods of item ana-
lysis with regard to the precision of measurement. However, in terms of
test efficiency, the results indicated substantive differences in the
tests produced by the three methods of item analysis for students with
varying ability levels.

_ Comparisons of relative efficiency for the 30 item tests showed
that the tests based on classical test theory were superior to the Rasch
developed test for very low and very high scoring examinees, and the
Rasch developed test was more efficient for average to high scoring
examinees on the verbal aptitude college admissions subtest used in this
study. ‘ : ;

Berk, R. A. A consumers' guide to criterion-referenced test item
statistics. Paper presented at the annual meeting of the NatTdbnal
Council on Measurement in Education, Toronto, 1978.

The author evaluated sixteen item statistics recommended for use in
the development of criterion-referenced tests. Two major criteria were
considered:

(1) practicability in terms of ease of computation and interpreta-
tion and - '

(2) meaningfulness in the context of the development process.

Most of the statistics were based on a comparison of performance changes
(pretest-posttest) or differences (uninstructed-instructed) between
criterion groups. Descriptions and critiques of the difficulty, dis-
crimination and homogeneity indices are presented in the form of a -
"consumers' guide”. It was found that the relatively complex indices
offered few if any*advantages over the ones that were manually calcu-
lable and easily interpretable.

Berk, R. A. A critical review of content domain specification/item
generation strategies for criterion-referenced tests. Paper
presented dt the annual meeting of the American Educational Research

Association, San Francisco, 1979.

The author notes that recently some of the leading proponents of
criterionzreferenced tests have argued that the objectives-based approach
to specifying content domains for purposes of test construction is
inadequate. The arguments focus on the subjectivity involved in com-
positing those specifications. Along with this criticism it has been
charged that traditional item construction procedures used to write
items from the specifications are also ambiguous.
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Six strategies for specifying content domains have been proposed as
alternatives to the objectives-based approach of the 1960's and early .
1970's. Their effectiveness is assessed in terms of the extent to which
they provide an unambiguous domain definition and explicit rules for
constructing items such that any two test-makers would produce identical
items from the same specifications.

The six sérateg1es that were critically reviewed in this paper are:

(1) amplified objectives

22) I0X test specifications

3) 1item transformations
(4) item forms

(5) algorithms

(6) mapping sentences P
The general and technical characteristics of these strategies were
surveyed. There was a particular emphasis on the major components, the
rule structure by which the content domain is linked to the test items,
the type of item domain from which the item sample is generated, and the
projects and content domains to which the strategy has been applied. A
comparison based on these characteristics is made. .

A rating system was also devised to evaluate the strategies according
to ei?ht factors of practicability. These factors are:

1) clarity ;
(2) simplicity !
(3) availability
(4) development time
(5) development cost
(6) adaptability
(7) domain appropriateness :
(8) practicability.’

Item transformations, item forms, and algorithms offered the most

" rigorous and precise specifications, while amplified objectives, IOX

test specifications, and mapping sentences tended to be the most practical.
\ 303
Berk, R. A.. Item sampling from finite domains of written discourse.
Paper presented at the annual meeting of the American Educational
Research Association, Toronto, 1978.

A sampling methodology is proposed for determining the lengths of
tests designed to assess the comprehension or readability of written
discourse. It is an extension of Bormuth's work on transformational
analysis with a criterion-referenced measurement framework. The sampling .
units specific to this type of analysis and alternative sampling models
are examined. Guidelines are provided for computing sample size and
selecting the sample of sentences to which the transformational rules
can be applied. A table of sample sizes for a given set of conditions
is presented to aid the,practttioner in utilizing the sampling theory.

Derived from theoretical linguistics by Bormuth, transformational
analysis represents one of the first major attempts to operationally
define domains of written discourse such that the generation of finite
item domains is possible. Sets of explict rules are employed to transform
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sentences selected from textual material inte items that measure compre-
hension of those sentences. The rules provide a direct 1ink between- the
content and the items. ' :

The sampling units suggest at least three alternative sampling
plans: - -
(1) one-stage cluster sampling of passages

(2) two-state or subsampling of passages and sentences within
passages '

(3) one-stage simple random sampling of sentences.

The author notes that there are five major factors that affect
sample size:

(1) the statistic used as the basis for interpreting the test

) the estimation error associated with the sample statistic
(3) the level of confidence one can place in that statistic
) the magniftude of the statistic

~ (5) the domain size.
Each of these is described in relation to sentence sampling.

It is noted that the most popular procedure to draw a random
sample from a domain involves the selection of a set of random numbers
equal ‘to the sample size. A simpler and more convenient approach
equivalent to this is recommended for sentence sampling It is called
systematic sampling. )

Despite the utility of the sampling procedures, Berk notes that
several technical issues remain unresolved. E.G., how many and what
type of transformations should be performed on a sentence that is
sampled from a given domain have not been delineated. Other concerns
related to the operations of transformational analysis have also been
expressed. ; )

Berk, R. A. Some guidelines for determining the length of objectives-
based criterion-referenced tests. Paper presented at the annual
meeting of the National Council on Measurement in Education,

San Franciscq, 1979.

The author examined four factors essential to determining how many
items should be constructed or sampled for a set of objectives. These
include: O

“ (1) importance and type of decisions to be made with the results

(2) importance and emphases assigned to the objectives

(3) number of objectives

(4) practical constraints. .

Within the context of related research on cut-off scores and reliability,

it was recommended that between ¥ive and 10 items per objective be

employed for most classroom decisions and between 10 and 20 items be

used for school, system, and state level decisions. Specific guidelines

are provided for the use of teachers and evaluator. An illustrative

application is included. < .

Berkson, J. Maximum 1ikelihood and minimum chi-square estimates of the
logistic function. Journal of the American Statistical Association,
1955, 50, 130-162. '

~
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Although the.minimum chi-square and the maximum 1iketihood estimates
are identical in many situations commonly encountered in statistical
practice, there are also some situations (which occur not infrequently
in practice) in which they are not identical. For finite samples, the

estimates may differ-in their distributions, and the question arises,,
“Which is the better estimate?" The author states that although con-
jectural opinions favor the maximum 1ikelihood estimate, little or
nothing is reliably known which will provide an answer to this question.
This article reports the results of .one series of experiments Berkson
performed in order to clarify this problem. ' '

Bernknopf, S., & Bashaw, W. L. An investigation of criterion-referenced
tests under different conditions of sample variability and item
homogeneity. Paper presented at the annual meeting of the American
Education Research Association, San Francisco, 1976. .

This study was designed to examine whether or not traditional
procedures concerning item selection and reliability are both applicable
and appropriate for criterion-referenced tests. It was ‘also designed
to examine traditional procedures and those designed especially. for CR

_ testing in relation to test variance and jtem homogeneity. Specifically,
the followirig questions were formulated:
' (1) How are traditional and criterion-referenced item selection
- . techniques interrelated? '
: (2) How are traditional and criterion-referenced reliability
indices interrelated? T ' '

(3) How are traditional and criterion-referenced item selection
techniques affected by subject variability and test homogeneity?

(4). How are traditional and criterion-referenced reliability
indices affected by subject variability and .test homogeneity?

The results of the present study indicate that the construction of
criterion-referenced tests can be greatly facilitated by item analysis
procedures such as phi, and the application of traditional reliability
estimates such as KR-20. The procedure of trying out test items on a
group of examinees consisting of masters and non-masters is recommended.

Berry, K. J., Mart{n, T. 4. & Olson, K. F. A note on fourfold point
correlation. Educational and Psychological Measurement, 1974, 34,
53-56.

_ The authors present formulas for a modification of Pearson's
fourfold point correlation. Possessing always - attainable Jlimits of +
and intermediate values operationally interrpretable in terms of pro-
portionate reduction in error of estimation.

Besel, R. A mastery-learning test model. Pépef’presehted at the annual
meeting of the American Educational Research Association, Chicago,
1972. ,

The author derived a test model for analyzing criterion-referenced
test data. A1l indiwiduals tested were assumed to be in either the
mastery or the non-mastery states. Bayes formula was used to compute
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‘determining the extent t
~ each trait. Each method bras may enter more heavily into measurement of

state probabilities. Methods for estimating prior probabilities were .
described. Two statistics or "decision variables" were .computed: ’ .
Probability of mastery for an individual and proportion in mastery for

an instructional group. The relationship between two tests was repre-
sented as an adjustment matrix. The interpretation of adjustment mat-
ricies in terms of instructional effectiveness and the va11dat1on of
1earn1ng h1erarch1es was d1scussed

" Boruch, R. F., & Wolins, L. A procedure for estimation of trait,

method and "error variance attributable to a measure. Educationa]
and Psychological Measurement, 1970, 30, 547-574.

The procedure described in this paper-is based on explicit models

for multitrait-multimethod data. The formal models are related to

models implicit in the classical Campbell and Fiske (1959) presentation.
The authors offer the following discussion of this paper. '

Given a number of allegedly different methods of measuring some
(other) number of allegedly~different-attributes or traits of an obser-
vational unit, one can use an analytic procedure to examine specific
aspects of th1s situation. The procedure is essentially a quantifi-
cation ,and expansion of the systematic assessment of multitrait-multi-
method matrices as described by Campbell & Fiske.

Given\three or more methods of measuring three or more traits, one
can assess \the extent to which the observation is influenced by the
particular Nethod. The xesults of the analysis,provide a means of

he methods produce bias. This can be done for

one trait than it enters into the measurement of the other.

. This can be done for each method of measurement. Specifically, one
can establish the degree to which measures of the same traits or attri-
butes are related to one another after one has accounted for method
biases. In the Campbell- F1ske nomenclature th1s is known as discrimi-
nant validation.

The statistical procedure requires that one hypothesize a linear
model to account for the data. The inferences described in the two
jtems above are, of course, conditional on this model being true. The

- procedure developed has the distinct advantage of allowing one to assess

the goodness of fit of the model. This is done either through the use

‘of a chi-square statistic, or in the sense of desirability of attributes

of a solution.

One can also assess the extent to wh1ch individual differences
contribute to the observat1ons, independent of the particular method-
trait combination used in measurement. This is important insofar as one
would like to examine global factors such as General Reputat1on etc. in
assessment of individuals. .

The results of this procedure seem somewhat less equivocal than
conventional factor analysis procedure since the rotation is uniquely
specified by the design. It shares with the conventional procedures
problems of nonuniqueness, convergence to local minimum and under determi -
nation of factors. To the extent that the various criteria proposed
earlier can be used, the solutions appear to be adequate summarizations
of the data.
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Brennan, R. L. The calculation of reliability from a split-p]ét
factorial design. Educational and Psychqlggica] Measurement ,
1975, 35, 779-788..

This paper treats the question, "How should one estimate the
reliability of schools (or classrooms)?" The author reviews the use of
variance components in the estimation of reliability (or generaliza-
bility) coefficients in a split-plot factorial design (SPF) with persons
nested within schools. . i -

Through the use of variance components from the SPF design, he
derives estimates of reliability for schools and for persons within
schools. He then compares the reliability for persons within schools .
from a SPF design with the reliability for persons from a randomized
block design. Finally, he compares the reliability for schools from a
SPF design with the reliability for school means from a randomized block
design. ' ‘ : ‘

* “Brennan says that a randomized block design is a repeated measures
design in which the interaction in the population of-person i with item
j is confounded with experimental error.

Brennan, R. L. Final report: Psychbmetric methods for pr1térion-‘
- referenced tests. Albany, New York: The Research Foundation of
the State University of New York, 1974,

The first four chapters of this report primarily provide an exten-
sive, critical review of the literature with regard to selected aspects
of the criterion-referenced and mastery testing fields. Major topics
- treated include: : et

(1) definitions, distinctions, and backgrounds
EZ% the relevance of classical test theory .

3) validity and procedures for test construction

(4) test reliability.

Chapter V provides a treatment of criterion-referenced and mastery
item analysis and revision procedures when items are scored in the
_classical correct/wrong manner. .

Brief summaries to each chapter are provided.

Brennan, R. L. Some applications of generalizability theory to the
dependability of domain-referenced tests. Paper presented at the
annual meeting of the Américan Educational Research Association,

. .

San Francisco; 1979.

: #

Using the basic principle- of .generalizabiTity theory, a psycho-
metric model for domain-referenced interpretations is proposed, dis-
cussed and illustrated. The author ‘points out tgaé this approach is
applicable to numerous data collection designs, luding the tradi-
tional persons-crossed-with-items design, which is treated extensively
here. ‘

It is shown that the appropriate error variance for domain-refer-
enced interpretations is what Cronbach and others call o?(a), rather
than o%(8), which is the error variance for norm-referenced interpreta-
tions.”” Also, it is shown that two indices can be developed that reflect
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- the dependability of a domain-referenced testing procedure. These

indices are interpretable in several complementary ways, and they are
easily compared with generalizability coefficients.

‘ In this paper, consideration is given to theoretical results as’
well as to estimation procedures, illustrative examples, extensions to

"multiple facet designs, and recommendations for researchers and prac-

titioners.

Brennan, R. L., & Lockwood R. E. A comparison of two cutting score
procedures using generalizability theory. ACT Technical Bulletin
No. 33, April, 1979. Also, a paper presented at the Annuyal Meeting
of the National Council on Méasurement in Education, San Francisco,
1979. o -

The authors note that Nedelsky and Angoff have suggested procedures
for establishing a cutting score based on raters' judgments about the
likely performance of minimally competent examinees on each item in a
test. In this paper, generalizability theory is used to characterize
and quantify expected variance in cutting scores resulting from each
procedure. Data for a 126-item test are used to illustrate this approach
and to compare the two procedures. Finally, consideration is given to ' o
the impact of rater disagreement on some issues of measurement reli- |
ability or dependability. Results suggest that the differences between |
the Nedelsky and Angoff procedures may be of greater consequence than

"their apparent similarities. In particular, the restricted nature of

the Nedelsky (inferred) probability scale may constitute a basis for
rejecting this procedure in certain contexts. It is important to note,

' however, that the numerical results reported in this paper are for a

single study, only. As such, the authors caution, they do not form a
sufficient basis for passing judgment on either the Nedelsky or the
Angoff procedure. " '

Brown]esé,'v. T., & Keats, J. A. A retest method of studying partial
knowledge and other factors influkncing item response. Psychometrika,
1958, 23, 67-73. B

A method of studying the -problem of correction for guessing and ‘
other problems associated with behavior in the test situation is des- ‘
cribed and an illustrative example presented. "

They assume the following: ,

(1) At the first administration, all responses are either known
correctly, guessed, or "known" incorrectly.

(2) At the second administration, all responses are either known
correctly, guessed, "known" incorrectly, or repeated from memory.

(3) No person who knows the. correct answer at the first adminis-
tration will guess at the second.

(4) No person will learn an incorrect response between adminis-
trations.

|

|

|

Capper, J. Approathes to standard setting in competency based education: ‘

Framework for a composite model. Paper presented at the annual |

meeting of the American Educational Research Association, Toronto, ,
1978. : |

\
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The author describes several approaches to setting performance
standards and then provides a framework for a composite model of stan-
dard-setting in minimum competency testing programs. '

Existing standard-setting models include: ,

(1) Referencing standards to the performance of others on the same
measure. Both Glass & Millman have described an approach to standard-
setting which i$ referenced to the performance of a population of
examinees (adults).

(2) Referencing standards to the performance of others on a
related measure. °

(3) Referencing standards to teacher judgments. Teachers who are
familiar with a group of students identify those students whom they are
'certain' are either masters or non-masters." Scores for the two groups

" are graphed and cut-off point is set where the two curves intersect.

Jaeger .describes a similar approach which involves comparing the per-

formance histories of examinees with their performance on the measure

for which the standard is being set. Zieky & Livingston describe an

- approach wherein teachers render judgements regarding students they

consider borderline in a particular subject area. N
‘ (4) Glass describes an "Operations research" approach to setting

standards. An example of this would be to find out what levels of

performance on a criterion-referenced test (eg. reading) optimize

performance on an external criterion (eg. success in college or Job).

This approach is closely allied to Jaeger's notion of inferring per-

formance on a sample of domain tasks to an ultimate criterion.

(5) Focus on items. Nedelsky, Ebel, & Angoff devised variations
on this basic approach of focusing their attention solely on the items.

(6) Approaches based on analysis of classification errors. In
this instance, a standard has previously been set, but is reviewed in
light of misclassifications resulting from this.standard. (Jaeger,
Hambleton & Novick, Emrick, Kriewall, Shepard and Glass.) The goal is
to minimize the errors of classification.

Related issues:,

(1) Should the standard be set with or without the use of actual
performance data? Wiersma & Jurs, and Zieky & Livingston, favor estab-
lishing the criterion prior to any actual measurement. Glass and Popham
support the use of performance data in the setting of standards.

(2) Should normative performance data be used? Shepard recommends
this but suggests that when making decisions for newly developed measures,
the normative information can be derived from similar existing measures.
Glass opposes this.

(3) Should absolute or comparative values be used for setting
standards? Glass supports the notion of using comparative data.

Shepard concedes that there may be some instances where absolute stand-
ards are required (eg. H.S. grad. requirements) and where these standards
can be clearly determined. -
FRAMEWORK FOR A COMPOSITE MODEL OF STANDARD-SETTING
I. Description of desirable criterion-referenced test characteristics
to be considered by persons responsible for selecting or developing

a measure.

a. relevance of content to the ultimate task.
b. homogeneity of items.

1
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- c. item cdngruence with content description.
- d. representativeness of item sample. ‘
II. Factors that should be donsidered in setting performance standards:
1. Analysis of test content: ) :
a. difficulty of the content: :
b. importance of mastery of the content for acquiring
. subsequent skills. .
2. Empirical evidence:
a. summary of criterion groups' performance on the measure.
b. comparison of test results with teacher judgments.
c. Comparison of criterion groups' performance with other
) relevent groups performance on criterion measure.
d. information regarding students' abilities to transfer
their skill to related areas. :
e. comparison of students' rate of retention to their
performance on the criterion measure.
Analysis of classification errors:
Decision consequences:
These may be generated based on field test performance data.
5. Preferences of various groups - eg. parents, students, teachers,
subject matter experts, employers and college & university
faculty.

o w

Cohen, J. Weighted chi square: An extension of the kappa method.
Educational and Psychological Measurement, 1972, 32, 61-74.

This article presents a very general method for the study of m-way
tables of proportions or frequencies (where m is one or more) in which
the 1ﬁvestigator's a priori hypotheses about the cells are expressed
numerically and used as weights. These weights are then used.in k _, an

index of hypothesized association, and also in a test of its signifi-
cance, weighted chi-square, which thus utilizes as relevant information
the investigator's hypotheses. ' .
The system Cohen describes is a direct outgrowth of work which was

_initiated to provide a coefficient of agreement for ngminal scales. The
measure which was proposed, kappa, is simply the proportion of agreement
for the N cases placed in the k categories by the two Judges, corrected
for chance agreement. Standard error formulae for significant testing
and setting confidence 1imits were also presented, and since for large
samples k is approximately normally distributed, statistical tests and
estimates take the familiar classical form.

Cohen, J. Weighted kappa: Nominal scale agreement with provision for .
scaled disagreement or partial credit. Psychological Bulletin,
1968, 70, 213-220.

A previously described coefficient of agreement for nominal scales,
kappa, treats all disagreements equally. A generalization to weighted - °
kappa (kw) is presented. The kw provides for the incorporation of

ratio-scaled degrees of disagreement (or agreement) to each of the cells
of the k x k table of joint nominal scale assignments such that dis-
agreements of varying gravity {or agreements of varying degree) are

J;BJ!;‘ | lu. .




weighted accordingly. Although providing for partial credit: kw is

fully chance corrected. Its sampling characteristics and procedures for
hypothesis testing and setting confidence 1imits are given. Under
certain conditions, kwequa1s product-moment r. Although developed . -~

orjéinal]y as a measure of reliability, the use of unequal weights for
symmetrical calls makes kw suitable as a measure of validity.

Cook, L. L. & Hambleton, R. K. “ A comparative study of item selection
methods utilizing latent trait theoretic models and concepts. Paper
presented at the annual meeting of NCME, San Francisco, 1979.

Using the three-parameter logistic test model and the concept of
score information curves, the purposes of this investigation were:
(1) Provide some background on information curves for items ‘and
tests; 2

(2) Using a typical item pool compare the score information
curves for five item selection methods:

(a) random
(b) standard
(c) middle difficulty
~ (d) up and down / ;
(e) maximum information

producing a scholarship exam and a test to optimally separate examinees
into three ability categories.
In all cases, the item selection methods based on either the
random selection of items or the use of classical item statistics
produced results inferior to those produced by methods utilizing latent
trait model item parameters. The appropriateness of each method was
situation specific. If maximum information is required at only one
point on an ability continuum, a method which chooses items that maxi-
mize information at this particular point will be the best. If infor-
mation is required over a wider range of abilities, methods involving
averaging the information values across the ability levels of interest
or choosing items in some systematic method that considers each point of
interest on the ability continuum appear to be promising.
The authors point out that although only'a Timited number of *
\
|
|

|
\
. (3) Compare the merits of several item selection methods for
|

methods and testing situations have been investigated, the results
indicate that it may be possible to prespecify item selection methods
that are situation specific and will enable a practitioner to develop a
test quickly and efficiently without going through a lengthy trial and
error process. . |
A variable not considered in this study was the effect of the item -
pool on the successful application of the methods investigated. The |
authors suggest that it is possible that different results might have
been found for item pools containing items with differing character-
istics. The authors caution that further research which consider other
types of information based item selection methods as well as method-item
pool interaction is certaily necessary before a complete set of generali-
zable guidelines can be developed. ~ .

L
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Cooley, W. W. .Explanatory observational studies. Paper presented at
the annual meeting of .the American Educationa] Research Association,
Toronto, 1978.

g

The task of this paper was to describe the state af the art in the

- design.and analysis of research studies involving relationships among

variables. The focus is on observational studies. These are studies

that inquire into the learning and development of human beings in the

natural environments in which these processes occur. These studies are
multivariate and -longitudinal, recording the variances and covariances |
of events and individual differences as they occur and unfold. There is ‘
particular focus on observational studies that are intended to be

explanatory rather than descriptive ’

Cooley describes the following major requirements for sound obser- |
vational studies. .If these requirements a#e met, he believes they will |
yield consistent, conv1nc1ng, useful exp]anatWons of educational pheno-
mena. SN N

Héﬂ the sampling framework, which affects the generalizability of
of t observed relationships \ -
the theoretical mode, which des%r1be; the hypothes1zed causal _. :
structure of the variables under considération; 7.V~

(3) the-statistjcal procedure, which is used to ana]yze the - - .
network of observed relationships for the purpose of establishing the -
plausibility of the theoretical model and estimating its parameters.

The authoh Con¢ludes that mor@ convinging causal mofs are needed.

The challenge, he saysy is considerab1e4/5gt‘the efforts will be more

productive than continuing to conduct meaningless quasi-experiments, or

averaging all of the t-tests they may have produced. Cooley-states that

as educational research is guided by 1ncrqas1ng]y valid models of edu- |
cational phenomena, and the causal networks -that are current]y operating ’
are better understood, we may eventually draw close to that “complete
covariate" that Crobnach and his associates have shown is necessary for
interpretable quasi-experiments.

Cooley, W. W. & Leinhardt, G. Design and educational findings of
the instructional dimensions study. Paper presented at the annual |
convention of the American Educational Research Association, |
Toronto, 1978. |

In 1974 the National Institute of Education‘?NIE launched a major
survey of the impact of specific educational practices on student
development. It was called the Instructional Dimensions Study (IDS).
This report briefly outlines the design and presents some of the results
of the IDS.~ Specifically, it focuses on identifying effect1ve classroom
processes in regular classroom settings.

The results of the study indicate that what goes on in a classroom
has definite impact on what students learn during the course of an
academic year. At least one-fourth of the variation in achievement gain
is due to differences in classroom processes.” What is less clear is
precisely which“classroom practices make what kind of a difference with,
whom.

-
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The major géneralization the authars make from the analyses is that -
the most useful construct in explaining achievement gain is the oppor-

- tunity that the children had to learn the skills assessed in the achieve-
ment test, especially as represented by the measures of over]ap between
the curr1cu1um and the posttest.

~The results of IDS show that students are much more likely to

- answer correctly if they have been directly taught the material covered ,
by a test and if they have been exposed to the test format. The finding
emphasizes the importance of being able to justify the form and content
of tests used in evaluations.

Another implication of the 1mport‘ﬁte of the opportunity construct
Jds that program evaluations that do not include information on how time
is allocated or on the degree of overlap between curricula and test, run
the risk of attributing instructional effectiveness to specific programs
or ways of teaching when it is really a matter of differences in oppor-
tunity.

What the data also seem to indicate is that there are many different
ways of teaching and that no one way--individualized or grouped--is
superior. No one technique of instruction is clearly associated with
disastrous outcomes or successful ones.

This is consistent with that fact that there was no clear evidence
regarding the superiority of individualized instruction for compénsatory

»education.

The pre11m1nary resu]ts of this study support the idea that the
emphas#s in instruction should be on the cognitive rather than on the
managerial.

Cox, R. C. Item selection techniques and evaluation of instructional
objectives. Journal of Educational Measurement, 1965, 2, 181-185.

The major conclusions of this study are:

1) Statistical selection of items from the total item pool has a
biasing effect on the selected tests. The proportion of items in the
selected tests which measure certain instructional objectives is unlike
the proportion of items in the total item pool which measures the same
objectives. The selected tests are not representative of the total item
pool in this respect.

2) Statistical selection of items from the total item pool operates
differentially for male and female groups. When the statistical data
obtained from the female tryout group is used to select tests from the
total item pool, the results differ from those obtained using the male
tryout group. The structure of the selected tests, as indicated by the
taxonomical structure of the items, differs from the male and female
groups. :

Crawford, C. R. Item difficulty as related to the complexity of intellec-
tual processes. Journal of Educational Measurement, 1968, 5, 103-
107.

Intellectual processes defined in both Bloom's (1954) taxonomy and
by the Committee on Student Appraisa/(1962) are considered to be
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hierarchical. Because of this hierarchical priinciple, it has been*

argued that items meaguring the more complex processes are, by their
very nature, more difficult than items measurifhg the less complex pro-
cesses. '

The purpose of this study was to investigate the relationship
between item difficulty and complexity of intellectual processes pre-
sumably measured by multiple-choice items when/knowledge is not held
constant. . :

The results indicate that the order of di{fficulty level was, in
every analysis except one, statistically different from the order of
complexity. This suggests that there'is not/necessarily a direct
relationship between the complexity of inteVlectual processes and the
difficulty of items which purportedly measure them. This finding is
consistent with Guttman's [In Lazarsfeld (Ed.), Mathematical thinking
in the social sciences, Glencoe, I11,: Free Press, 1954, p. 283]

statement:

-+ -%¥"There {ssome danger of confusing the notion of degree
of complexity with that of difficulty. If we say that
subtraction is more complex than addition, we do not
mean by| this that subtraction is necessarily more
difficult than addition. Complexity and difficulty have
no necessary connection with each other in our theory."

Crehan, K. D. Item analysis for teacher-made mastery tests. Journal
of Educational, Measurement, 1974, 11, 255-262. .

The focus of this study is on item selection for teacher-made
mastery tests. The author questions whether teacher-made tests re-
sulting from various item selection techniques differ when evaluated by
appropriate methods of estimating criterion-referenced reliability and
validity. : ”

Six item techniques are compared.

Eighteen volunteer junior and senior high teachers wrote behavioral
objectives and para]]e] items for each of the original items. The

entire pool of items was administered to two classes before and after
instruction and to two other classes only after instruction.

Pairs of tests developed by each of the six methods were derived.
Estimates of test reliability and validity were obtained using responses
independent of the test construction sample. X

No specific selection method resulted in consistently higher |
reliability rankings; but the modified Brennan and Cox-Vargas methods
consistently resulted in higher observed validity rankings.

The author notes that generalizations of this study are limited
because of the nonrandom observations. However, the author assumes that
criterta empolyed for reliability and validity are appropriate for '
evaluation of teacher-made mastery tests. Crehan questioned whether the
magnitude of improvement in test validity of objective item selection
over teacher selection is worth the necessary effort on the part of the

teacher.
T




Cureton, E. E. Note on §/@_. . Psychometrika, 1959, 24, 89-91.

Cureton gives formulas for a descriptive stét1st1c related to the -
fpurfold-point correlation but having always-attainable 1imits of + 1.

Cureton, E. E. Reliability of‘mu1t1p1e-ch01ce tests is the proportion
of variance which is true variance. Educational and Psychological
Measurement, 1971, 31, 827-829.

Frary (Educational and Psychological Measurement, 1969, 29, 359-
365) presented an analysis which seemed to show that classical weak
true-score theory does not apply to multiple-choice tests. Cureton
showed that the difficulty with Frary's derivation is that the guessing

score is not separated into a true component and an error component.

Cureton, E. E. The.stab111ty coefficient. Educational and Psychological
Measurement, 1971, 31, 45-55. °

The author noted that the formula he previously presented (Educational

and Psychological Measurement, 1958, 18, 715-738 and Educational and
Fsycﬁoiog1cai Measurement, 1965, 25, 327-346) for the stability co-

efficient was essentially the same formula given by Remmers and Whistler

Journal of Educational Psychology, 1938, 29, 81-92). Although the )
’ éormula Ts correct, both his aerivat1on and the one given by Remmers and

Whistler were slightly defective. A derivation which the author believes
to be more nearly correct was presented in this paper together with some
further discussion. :

Divigi,'D. R. A new index for the accuracy of a criterion-referenced

test. Paper presented at the annual meeting of the National Council

" Measurement in Education, Toronto, 1978.°
One aim of criterion-referenced testing is to classify an examinee

without reference to a norm group. Therefore any statements about the
dependability of such classification ought to be group-independent
also. A population-independent index is proposed in terms of the proba-
bility of incorrect classification near the cut-off true score. The
compound binomial model leads to the conclusion that a criterion-refer-
enced test is more reliable if the item difficulties are unequal.

Dowing, S. M. & Mehrens, W. A. Six single-administration reliability
coefficients for criterion-referenced tests: A comparative study.
' Paper presented at the annual meeting of the American Educational
gearch Association, Toronto, 1978.

The purpose of this study was to compare several criterion-refer-
enced reliability coefficients to-the Kuder-Richardson estimates and to
each other. KR 2Q & 21, the Livingston, the Subkoviak and two Huynh
coefficients (K, k) were computed for a random sample of 33 criterion-
referenced tests. The Subkoviak-coefficient yielded the highest mean
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value; Huynh's Kappa yielded the lowest. The Huynh K and k coefficients
were -highly positively correlated with-the Kudar-Richardson 20 and 21
coefficients, and with each other; the Livingston and the Subkoviak
{ndexes were highly correlated with each other. A two-factor principle
components solution juggested that only the Subkoviak coefficient
measured 4 test characteristic that differed from the classical (KR)
internal-consistency coefficients.

The data for this study were 33 achievement exams which represent a

random sample of objective format (3 to 5 option multiple-choice) criter-

ipn-referenced (mastery) exams from undergraduate teacher education
classes, medical school classes, and state-wide assessment tests. The
number of exam items ranged from 5 to 143, with a mean of 38.9 items.
The number of subjects taking these tests ranged from 5 to 1110 with a
mean of 209.9. Each of the six relfability coefficients was computed
for each exam. .

Results support the usefulness of KR-21 with criterion-referenced
examinations. The authors alsp believe that their result suggests that
the Livingston Coefficient may be more useful for criterion-referenced
reliability than its critics have allowed.

Duncan, G. T. An empirical Bayes approach to scoring multiple-choice

tests ih the wfisinformation model. Journal of the American Statistical

Association, 1474, 69, 50-57.

This article develops multiple-choice test scon1ng.ru1es. concen-
trating on Bayes ryles and their frequency theory analogs, empirical
Bayes rules. Conditions are given for empirical Bayes estimates to lie
in the probability simplex. The misinformation model is considered in
detail. It {is shown that ranking by raw scores is equivalent to ranking
by Bayes scores when the loss function increases with error and the
sampling distribution has the monotone 11kel{ihood ratio property. Appli-
cation of the techniques is made to data from a multiple-choice test
given :to students of an elementary statistics course.

The misinformation model postulates that a given examinee has
knowledge of the correct response to p (p=0,1,...n) items and perceives
a wrong.answer as correct on w (w=0,1,...n-p) more items. The examinee
then has misinformation about w items.

Ebel, R. L. The case for non-referenced measurements. Paper.
presented at the annual meeting of the American Educational
Research Association, Toronto, 1978. -

In building his case for norm-referenced measurements, Ebel divides
this paper into four sections. The first lists differences between norm
and criterion-referenced tests. These include differences in the age
and development of the two test forms, in the kind of information they
provide, in their sampling of tasks, in the educational purposes they-
serve, in the range of achievement levels they measure, in the range of
schools for which they are appropriate, and in the conceptions of
learning they imply. ~

’
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, local goals.
3

L ' \

S1m11ar1t1es of the test types\are pointed out“in the second . \
section. Some of these include the fact that the items used in the two
tests are indistinguishable. The kind of tasks to be included in each
can- be spec1f1ed prec1se1y The territory and the boundaries of the
domain of achievements from which partlcu]ar tasks are to be selected "

. can be defined with all the precision that is necessary for either type

of test. Ebel contends that both kinds of tests yield Scores that N
differ from pupil to pupil, abthough a test might be built to "Show no .
score variance. The author emphasizes his belief that score variance is
not irvelevant to any test of achievement. Another point of s1m11ar1ty
betweest norm and criterion-referenced tests has to do with_ norms.
Ebel notes that norms are involved in establishing the criteria of
achievement on which criterion-referenced tests are based. K

The third section of this paper is Ebel's case against easy 1tems
The author states that theése items should not be thrown out prov1ded two
requirements are met:

1) the item unquestionably tests an ach1evement of unquest1onab1e

~ importdnce v

2) the number of items answered correctly is more important than
its relative value, that is.its precentile rank or stanine or z-score..
The fourth. section lists some of the advantages Ebel sees of norm-

) referenced tests.

1) * They- assess the pupil's broad general level of knowledge and

‘ understanding of a subject, not his mast@ry -of a few particulars.

i
2) they reflect common nation-wide goa]s for learning, not unique .
|
i

They assess ach1evements at all 1eve1s of excellence and
mediocrity. They do not focus primarily on minimum essentials.
4) Because edch item can test a different aspect of achievement,

they provide a broader and more representat1ve sampling of achievements

5) They are consistent with the view that achievement in learning .

is a matter of more or less, not of everything (mastery) or nothing.

6) They provide a single score that concisely summarizes a pup11 s
general level of achievement, not an extended 1nventory of things:
learned or not learned.

7). They are primarily useful for,summat1ve, net formative évalua-
tion. They indicate how successful the pupil's effqrts to learn have ‘
been; how successful the teachers efforts.to foster that learning have ~
been. . ¥
8) They imply that the primary respons1b111ty for successfu] ‘
1earn1ng rests with the pupil, not w1th the instructional, delivery
system. 4 - N : -
Ebel, R. L. The relation of item discrimination to test reliability.

Journal of Educationa] Measurement, 1967 3, 125-128 ™

[ 4

‘In this paper, Ebel ma1nta1ns that in order to ach1eve high-reli-
ability in a test with a given number of items, one myst write or select

“items that are high jin discrimination--as measured by D the upper-level

index of discrimination. Data are presented to support this position. ¥
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Eignor, D. R. Statistical suggestions for the study of cognitive
structures. Paper presented at the annual meeting of the American
Educational Research Association, Toronto, 1978. :

The primary purpose of this papér was to offer some viable statis-
+tical techniques to be used in the study of cognitive structures. The

procedures developed by Hubert and his associates (Schultz and Baker)
offer viable techniques f§¥ testing the structures generated out of
tasks utilized in the study of cognitive structures. . The' procedure for
scaling the proximity data to have metric properties appears manageable
when viewed theoretically, but. practical concerns still exist.

The author notes that one further area of research should be .
considered. The research concern has .to do with the situation when the
researcher wants to measure one individual's cognitive structure.and

" then compare this to a content structure matrix or an expert's cognitive
proximity matrix. This is an issue, Eginor states, that must be dealt
“with if the measurement procedures for cognitive structure are ever

going to replace objective tests as measures of higher order objectives.

There are two levels of concern: © .
1) 4 Which of the tasks (word association, tree construction, F-
sor}, similarity judgment) should be used with one individual, and
¥'2) . Which of the scaling procedures, S. CT. Johnson's hieriarchical
clustering, Kruskal's or Ramsey's multidimensional scaling and Waern's
graphing technique, if any, is amenable to individual solutions? As an

instance of the first level of concern, it would appear that while it is

reasonable to utilize a word association task to generate proximity data
on an individual level, use of the F-sort appears unreasonable. A matrix
of zeros and ones for an individual is generated in the latter case and
the matrix is likely to yield nonmeaningful results. -

~ In sumyary, Eignor states that research needs td ‘be done on which
tasks, and Subsequently which scaling or graphing procedures, are best
suited for measuring an individual's cognitive structure. '

Eignor, D. R. & Hambleton, R. K. Effects of test length and advancement

.gcore on several criterion-referenced test reliability and validity
indices. Paper presented at the annual meeting of the National
Council on Measurement in Education, San,Francisco, 1979.

fﬁg'purpose of this study was: _ . A
1) to report the relationships between -test lengths and several
reliability and validity indic& for a fixed cut-off score (80%) in five
domain scqre distributions, and - '
2) to report the relationships betwéen advancement scores and
~several reliability and validity indices for several test lengths in
five domain score distributions. ’
Five figures show the relationships between test length and deci-
sion consistency, kappa, decision accuracy, predictive validity, and
efficienty, respectively, for each of the five*domain score distri-
butions under consideration. A number of observations and/or cautions
concerning the use of the figures are offered; and. suggestions for
- further research and development are offered.

-3
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Epstein, K. I. & Knerr, C. S. Criterion-referenced test interpretations
of "classical" measurement theory. Paper presented at the annual.
meeting of the American Educational Research Association, San
Francisco, 1976. \

The purpose of this: paper is to‘reﬁqnd the practitioner that more
than statistics and measurement theory are required in order to interpret
test results meaningfully, ard to provide two examples which illustrate
the importance of considering the entire testing situation in making
inferences about a particular test. S ,

This .paper suggests that many of the results obtained when "clas-

“sical" Qechﬁiques are applied to criterion-referenced tests, particu-

larly in the context of mastery learning, are perfectly reasonable,
interpretable, and should be expected. T
Estes, G. D., €blvin, L. W. & Goodwin, C. A criterion-referenced basic
.skil1s assessment program tn a large city school system. -\Paper ~
presented at the annual meeting of the American Educational Research
«Associatipn, San-Francisco, 1976. : V

The Phoenix Union High School System has developed a basic skills
assessment program in the areas of Reading and Mathematics. ' Procedures
andzconsideréETbns used in ¥&veloping the system are discussed. Pre-
liminary results on validity and reliability of the assessment instru-
ments are presented. An example of criterion-referenced test develop-
ment using traditional item analysis, reliability, and validity pro-
cedures is provided. , ‘ ..

Goals and objectives are Stated for both Reading“and. Mathematics.

Procedures used to devélop! their instruments are outlined. They
were very 'similar to those normally used to develop norm-referenced
tests including item difficulty and discrimination values which were
used to identify the test items to retain, revise or delete from the
item pool. : .

, KR-21 reliability estimates were calculated for their reading and
math tests. ' '

Concurrent validity estimates were calculated for their reading and
math tests. . : ‘ K

A summary of student performance on their math and reading tests is
presented. . , '

They claim that students have steadily progressed toward mastery of
all areas such that 94.8% of the class of 1972-76 has mastered all the
reading areas, and 80.2% of the class of 1973-77 has mastered all of the
math areas with almost a year and one-half left before graduation. ’

'

‘ . ~. .

Everitt, B. S. Moments of the statistics kappa and weighted kappa.
The British Journal of Mathematical and Statistical Psychology,
1968, 21, 97-103.

This paper considers the mean and variance of the two statistics,
kappa and weighted kappa, which are useful in measuring agreement

" between two raters, in the situation where they independently allocate a

0y

sample of subjects to a prearranged set of categories.
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proportion of observed agreements - proportion of expected agreemen%s
' T - proportion of expected agreements .

kappa =

Kappa may be interpreted as the proportion of agreement over and above
that expécted by chance. It can be shown to have almost the same value.
as the product-moment correlation coefficient for the dichotomous case.
The advantage of kappa appears.to be that it is mdre intuitively rea-
sonable, and also that it leads to weighted kappa, which takes into *
account the relative seriousness of the different types of disagreement
which can arise between the two observers. The mean and variances of
kappa and weighted kappa are considered. :

Faggen, J. Decision reliability and classification validity for decision
oriented criterion-referenced tests. Paper presented at the annual
meeting of the American Educational Research Association, Toronto,
1978. . - : \ :

In the first section of this paper, a statistical model to study

the relationships between reliabilities and validities of .content-bound

criterion-referenced test item pools is developed. Two item parameters

are defined; ay 1s the probability of a master answering item i correctly

and biis the probability of a non-master answering item i incorrectly.
Two psychometric properties df the item poo]s--decision_re]iabi11€y (RD)
and classification validity (VC)--are developed. The decision-re]1-

ability of an item pool is defined as the probability that a randomly
selected examined who is administered two randomly constructed n-item
tests is classified as either a master on both tests or as a non-master
on both tests. The classification validity measures the degree to which
masters score at or above the-cut score on a given test and non-masters
score below the cut score. 2 ‘

In the second section of this paper, a guide is presented to’'enable
practitioners--curriculum developers, test constructors, and evaluators--.
_to generate the decision reliability matrix and the corresponding
classification validity matrix associated with a heterogeneous item
pool. The use of Bayesian methods is explored to provide estimates of
the several parameters of interest. In addition, the entire theory and
procedures are applied to a mathematics item pool which is currently
monitoring student progress in a self-pacing format. The predictions
made in the first section are borne out successfully. In particular,
the data clearly supported the useful relationship ‘that RD provides an
upper bound to VC' - -

' : In the third and final sectiogn, several additional problems which
need to be pursued with respect to domain-referenced item pool testing
are described. ‘ . ) _
Fofsjéh. R. A. & Spratt, K. F. Measuring problem solving abilfty in

mathematics with multiple choice items: . the effect of item format
on selected item and test characteristics. Paper presented at the
' annyal meeting of the National Council on Measurement in Education,

San Francisco, 1979. ' 5
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The major purpose of this study was to investigate the effects of
the modified item format on selected item and test characteristics. .
Specifically, the difficulty and discrimination of such items and the
reliability of a test composed of such items were examined relative to
the more common format. A limited evaluation of the validity of a test
composed completely of such items was also undertaken. In addition,
since multiple choice items measuring mathematics problem solving
frequently use the “"Not given" or "None of these® alternative, and since
the research related to the effect of such’ alternatives on items and
test characteristics is not conclusive, the effects of this itype of
alternative in conjunction with the two item formats discussed were also
investigated. ‘ : .

‘' The results of this study suggest that the set-up format yields
more difficult and less discriminating items ‘than the traditional )
format. These generalizations are limited by the particular examinee
and item populations that were studied. It is possible, for example,
that both item formats may perform equally well with high school students.

The authors note that an extremely limited evaluation of the -
validity of items using the set-up-format was undertaken in this study.
A more extensive evaluation would have required information related to
the test-taking strategies and problem solving strategies that students
yse with this type of item. Such _data would also be useful for eval-
uating the validity of the more=fgaditional items. Future studies in
this research area should attempg#o gather information related to these
strategies. CT

Frase, L. T. The demise of generality in measurement and .research
methodology. Paper presented at the Center for the Study of
Evaluation, Winter Invitational Conference on Measurement and

Methodology, Los Angeles, 1978.

In this paper the author does three things. First, he expresses
some optimism about the decline of superficial analyses in testing and
research methodology. However, he states that there is a need for
caution lest the tendency toward precision makes one lose sight of the
broadly adaptive characteristics of human behavior that cut across
learning tasks. Second, he reviews a model of learning skills that
might be used to link specific performances to test items, and to link
test items to instructional methods. He notes that this is only one
model that could provide a domain focus for jtem writing, but it has a
strong research base and it communicates with the kinds of activities
that are encouraged in reading comprehension programs. Finally, he
reviews .,some complexities of inferring processing activities from
performance on test items. This analysis leads him to believe that a
great deal can be learned about tests and about .people by concentrating
on the strategies that test-takers use to arrive at the information (or
data base) that supports test-taking performance.. He notes that test-
taking performance is often governed by factors (1ike motivation and
world knowledge) wp1ch have little to do with the nominal task presented
"by a test item. . .. ) :




Frase concludes that practitioners shdcpen their conception of
learning theory, that they analyze the-skills/ entailed in specific
subject matters, and that they explore ways to relate these skills to
instructional methods and outcomes. Data he reviewed suggest that not
only the idealized conceptions of what cognitive processing is be
explored, but also the adaptive behaviors &f test-takers that simplify
and convert nominal stimulus materials into something other than they
are intended to be.

_ He suggests that it might be true that part of the reason for test
score declines is that the background knowledge of students who now take
standardized tests has changed, and that some cultural backgrounds do
not support concern for how one scores on a test. If so, Frase con-
cludes, then it is all the more: important to characterize and explore
partial and optional representational processes, since these have to do
with motivational and cultural-factors which are logically prior to many
of the performances that our test items attempt to measure.. :

Gagne, R. M. 0bserv1ng~the effects of learning. Educational Psychologist,
. 1975, 11, 144-157.

The author states that the effects of learning are typically observed -
in test situations which need to be evaluated in terms of both construct
and validity. The model empolyed by information-processing theories of

"learnimg and memory is proposed as a source of construct validity which
provides a rationale for assessihg the effects of several diffegent

" phases of the learning-memory process. As for content validity, the
suggestion is made that criterion-referenced measurement be achieved by
precise analysis, description, and representation of the criterion
through job-sample" testing, which would avoid the apparent narrowness
of coverage of "domain-referenced" item forms. :

Gardner,‘ﬁ. L. Test length and the standard error of measurement.
Journal of Educational Measurement, 1970, 7, 271-273.

The author shows that under very general conditions, the standard
error- of measurement estimated from the Kuder-Richardson formula 20 and
Kuder-Richardson formula 21 leads to Lord's observations that the stan-
dard error of measurement of a test is directly proportional to the
square root of the number of items on the test.

Grosse, M. E.» An app11cht1on of the Rasch model to common person
equating. Paper presented at the annual meeting of the American
Educational Research Association, San Francisco, 1979.

This paper describes the use of.the Rasch model to equate pairs of
examinations taken by the same group of examinees. The examinations had
no items in common, so this is an example of. common person equating.

when traditional psychometric methods were applied to an examina-
tion, neither scores nor reference groups suitable for the purpose of
recertification could be obtained. The Rasch model provided a two step
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no items in common, so this is an example of common person equating. The

solution to these problems. First, it provided a rationale for\komb1n1ng
measures derived from different sections of the examination. Second, it
provided a method for discovering and adjusting the differential diffi-
culty of the subspecialty examinations. The final result was a single

‘common ability measure for each candidate. A reference group of satis-

factory size could then be identified for the purpose of establishing a
norm referenced standard for acceptable performance on the examination.

L 2
Grosse, M. E., Wright, B. D., Shumacher, C. F. An application of the
Rasch model to common person equating. Paper presented at the
annual meeting of the American Educational Research Association, |
San Francisco, 1979. |

This paper describes the use of the Rasch model to equate pairs of
examinations taken by the same group of examinees. The examinations had

analyses were canducted for the recertification examination of the
American Board of Plastic Surgery.

The first issue addressed with the Rasch model was the question of
the unidimensionality versus multidimensionality of the underlying trait.
measured by the 5 examination books. The second issue addressed with
the Rasch model was the intrinsic, unknown d1ff1cu1ty of the subspe-

" cialty examinations.

In summary, when traditional psychometric methods were applied to
an examination, neither scores nor reference groups suitable for the
purpose of recertification could be obtained. The Rasch model provided
a 2-step solution to these problems. First, it provided a rationale for
combining measures derived from different sections of the examination.
Second, it provided a method for discovering and adjusting the differen-
tial difficulty of the subspecialty examinations. The final result was a
single common ability measure for each candidate. A reference group of
satisfactory size could then be identified for the purpgse of estab-
1ishing a norm referenced standard for acceptable perforhance on the
examination.

Gumbel, E. J. Bivariate logistic distributions. Journal of the
American Statistical Association, 1961, 56, 335-

The author notes that the logistic distribution closely resembles
the normal one. Both are symmetrical. In this paper two logistic
bivariate distributions are studied. In both cases the curves of equal
probability density are not ellipses, the regression curves are not
11inear and the conditional expectations are limited. The first dis-
tribution analyzed with the help of the bivariate moment generating
function is asymmetrical and therefore departs considerably from the
normal one. The coefficient of correlation is constant and equal to one
half. The second bivariate logistic distribution is symmetrical. The
regression curves are linear in probability scale and the coeff1c1ent of
corre]ation varies in the interval + .30396. :

B § I




v

In this paper the author treats problems and procedures®in assessing
and obtaining fit of data to the Rasch model. The assumptions embodied
in the model are made explicit and it is concluded that statistical
tests are needed which are sensitive to deviations such that more than

_ one ftem parameter would be needed for each item, and such that more

than one person parameter would be needed for each person. Statistical
goodness-of-fit tests, based on conditional maximum likelihood estimates
of the item parameters, which can detect these two kinds of deviation
are presented. Common sources of deviation are also identified, as are
the tests needed to detect them. Problems in the use of statistical
tests to assess fit are discussed and some dnvestigations of power are
presented. In relation 'to a distinction between use of the Rasch model
as a criterion and as an instrument, the treatment of the goodness-of-
fit problem in different measurement contexts is discussed. Finally it
is concluded that items which can be identified as misfitting should not
be routinely excluded to obtain fit to the model; instead other actions

" should often be taken such as grouping of the items into homogeneous

subsets.

Haladyna, T. M. An investigation of full- and subscale reliabilities
of criterion-referenced tests. Paper presented at the annual
meeting of the American Educational Research Association, Chicago,
1974.

The author notes that classical test theory has been rejected for
application to criterion-referenced (CR) tests by most psychmetricians
due to an expected lack of variance in scores and other difficulties. .
The present study was conceived to resolve the variance problem and
explore the possibility that classical test theory is both appropriate
and desirable for some types of CR tests. Both a rationale and empiri-
cal evidence were offered to support the practice of using unrestricted
samples to estimate full- and subscale reliabilities of CR tests using
classical procedures. However, reservations were expressed concerning
the reliability of these subscales.

Haladyna, T. & Roid, G. The stahility of Rasch item difficulty and
student achievement estimates for a criterion-referenced test. A
paper presented at the annual meeting of the National Council on

nt in Education, San Francisco, 1979.

he purpose of this study was to determine the applicability of the

Ras¢h model to criterion-referenced (CR) testing. Since a CR test is

senditive to instruction, item difficulties tend to vary as a function

of ihstruction. In this study, CR tests data were subjected to a Rasch |
item analysis under three sample conditions: |
1) uninstructed students only |
2) instructed students only ' |

N . 4
Gustafsson, J. E. Testing and obtaining fit of data to the Rasch model.
. Paper presented at the annual meeting of the American Educational
Research Association, San Francisco, 19%3. : o v ‘

3) combined samples.
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~ Hambieton, R. K. A review of testing and decision-making procedures

The authors make the following conclusions.

1) Difficulty is not stably estimated for these CR tests. The
Rasch item statistics tend to fluctuate as a function of instruction.

2) The mean-square-fit index appears to be poorly estimated
regardless of sample condition. Thus, these results suggest that MSF
not be considered useful information in CR analysis.

3) Examinee achievement estimates tend to remain stable regardless
of which sample is used to establish these estimates. These results
attest to the robustness of the Rasch model for providing estimates of
student .achievement based on a set of difficulty estimates, despite the
fact that these estimates vary from sample to sample.

.for selected individualized instructional programs. ACT Technical
Bulletin No. 15, August 1973.

The first purpose of this investigation was to provide a descrip- .
tion of the testing models that are currently being used in selected
individualized instructional programs. Three programs were studied:

1 Individually prescribed instruction

2) program for learning in accordance with needs,

3) mastery learning.

The author provides an introduction for each instructional mode] This
includes a brief history of the program, the content areas covered, and
an indication of the extent of implementation. Also, a descr1pt1on of
each instructional paradigm and details on the test1ng model are pro-
vided. An attempt is made to pfnpoint the decision points in each
model, spelling out the consequences of the various possible actions in
relation to each of the possible true states of nature.

A second purpose of this paper'vus to compare the three programs
and the four component parts of the testing model; namely, selection of
a program of study, criterion- refereﬁged testing on the unit objectives,
assignment of instructional modes, and final year-end assessment.

A fina) purpose was to briefly outline several promising lines of
research in connection with the testing methods and decision procedures
for individualized instructional programs. ..

Hambleton, R. K. Testing and décision-making procedures for selected
individualized instructional programs. Review of Educational Research. .
1974, 44, 371-400. . . N

The author notes that.the successful implementation of an 1ndiv1dug’
alized instructional program depends, in part, upon the availability of _
appropriate testing and decision-making procedures to monitor student
progress. In this paper, Hambleton has attempted to describe and to
compare the testing models of three of the best known and widely adopted
instructional programs: IPI, Project PLAN, and Mastery Learning. In
addition, on the basis of a review of the mode]s. he has outlined several Q“'
important 1ines of research that could contribute significantly to the
quality of testing and decision-making within the context of these and
other individualized instructional programs. AN
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Hambleton, R. K. & Cook, L. L. Some results on the robustness of
latent trait models. Paper presented at the annual meeting of the
American Educational Research Association, Toronto, 1978. )

The purpose of this paper was to study the goodness-of-fit" of the
one-, two-, and three-parameter logistic models. The authors studied,
using computer-simulated test data, the effects of four variables:
variation in item discrimination parameters, the average value of the
pseudo-change level parameters, test length, and the shape of the ability
distribution. Artificial or simulated data representing departures of
varying degrees from the assumptions of the three-parameter logistic
test model were generated and the "goodness-of fit" of the three test
models to the data was studied.

The results of the computer simulations were:

Level of variation in discrimination parameters:

T) For the values studied in the paper, using discrimination
parameters as item weights contributed very little to the proper ranking
of examinees.

Level of pseudo-thance level parameters:

2) With the 20-item tests, the three-parameter model was con-
siderably more effective at ranking examinees correctly in the lower
half of the ability distribution. Correlations were about .08 higher
(v.75 to ~.83) in the uniform distribution of ability and about .08
higher in the normal distribution (v.65 to ~.73). The improvement in
the average absolute difference in rank order was about 13. '

3) With the forty-item tests, the three-parameter model was also
somewhat more effective at ranking examinees correctly in the lower half
of the ability distribution.. Correlations-were about .04 higher in both
ability distributions. . The improvement in the average absolute differ-
ence in rank order was about 8. The reduction in effectiveness of the
three-parameter model weights was to be expected with the longer tests.
Gulliksen noted the insignificance of scoering weights when the test gets.
Tonger and test items are positively dbrrelated. -

4) For examinees in the upper half of the ability distribution,
and for the data sets studied, the number rights score was about as
effective as the more complicated scoring weights used in the two-and
three-parameter models. .o~ Y, ‘

Shape of the Ability Distribution:

B) As expected, correlations tended to 6;\h1gher for the uniformly

distributed abili® scores. - .

°

-Fest Length: ) -
~ 6) Increasesg}n correlations due to doubling the length of the .
test were observed. Again, as expé&teg they tended to be rather small.

Hambleton, R. K. & Eignor, D. Guidelines for evaluatigg criterion-
referenced tests and test manuals. Paper presented at the annual
meeting of the Nat10ﬁ2: Council on Measurement in Education, Toronto,
1978. ‘ . .

" The authors note ,that the scope and number of criterion-referenced
tests available to potential users is impressive, but that the quality
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“of these tests varies tremendously and so it is very important for

potential users to review available tests carefully before makirig their
selections.

The primary purpose of this paper was to propose a set of guide-
lines for evaluating criterion-referenced tests and test manuals. The
guidelines should be.useful to both users and developers of criterion-
referenced tests. A secondary purpose was to report on their use of the
guidelinds with eleven commercially available criterion-referenced test
batteries. ’

The guidelines represent the authors' own biases about what is
important technical information for users to have in making informed
decisions about the quality of criterion-referenced tests.

Questions were generated by the authors asking themselves "What
questions would we want to answer before making a decision to use a
criterion-referenced test in a particular situation?” Questions were
organized around ten broad categories: Objectives, Test Items, Adminis-
tration, Test Layout, Reliability, Cut-off scores, Validity, Norms,
Reporting of Test Score Information and Test Score Interpretations.
Several questions for each category are listed.

Eleven criterion-referenced tests were selected for review. The
primary purpose of this article was to ascertain the extent to which
these tests met the authors guidelines. The evaluation of each test is
reported as well as how the tests as a-group meet each of the quide-
lines.

- The authors note that their guidelines are offered only to serve as
a "catalyst" for further discussion and debate. Their use of the pro-
posed guidelines to evaluate eleven criterion-referenced tests was
intended to .

1) demonstrate that the proposed guidelines were workable,

2) highlight areas where considerably more or different work on
the part of test developers is needed. -

Individuals with suggestions f3r improving the guidelines were

encouraged to write the authors.

Hambleton, R;/Kf/i/ﬁ;vick, M. R. Toward,an integration of theory and
method for criterion-referenced tests., Journal of Educational
Measurement, 1973, 10, 159-170. '

The authors synthesize some of the thd#iing in the area of criterion-
referenced (CR) testing (current in 1973) as/well as provide the beginning
of an integration theory and method for such testing. They view criter-
fon-referenced testing from a decision-theoretic point of view; thus

-approaches to reliability and validity estimation consistent with this

phitosophy are suggested. In order to improve the decision-making
accuracy of CR tests, a Bayesian procedure for estimating true mastery
scores {s proposed. This Bayesian procedure utilized information—about
other, members of a student's group (collateral information), but the
resulting estimation is considered to be criterion-referenced rather
than norm-re ferenced since the student is compared to a standard rather
than to other students. The author; contend that in theory, the Baye-

i i ‘ lld

¢




»

sian procedure increases the "effective length" of the test by 1mprov1ng’
the reliability, the validity, and the decision-making accuracy of the
criterion-referenced test scores.

Harms, R. A. The development, validation and application of an
external criterion measure of achievement test item bias. Paper
presented at the annual meeting of the National Council onm Measure
ment in Education, Toronto, 1978. e

This paper outlines the need for basis, development, validation and
application of an external crjterion measure of test item bias.

The criterion measure developed is based on the sole and generally
accepted presupposition that fair test items are test items that are -
just. From this initial presupposition, a criterion measure of item
bias based on an operationalization of Rawls' theory of justice, Jjustice
as fatrness, is developed, validated and applied by student raters to
items selected from the 1972 TASK II A. Finally, the by-item results
and implications of this application are included and discussed.

Principle I - Within a defined \usage (contract) test items should not

"turn-off" students so that thej are unable to do as well as their
abjlities would indicate.

Criteria for Principle I:

A) An item must not contain any information that could be offen-
sive to a student's religion or culture.

B) An item must be non-sexual in the sense that it must not be
designed to offend either sexual group.

C) An item must not include depictions of any group that are
degrading or stereotypic.

D) An item must not portray groups as unequal in ability. _

E) An item must not, by content or form, ‘cause students to be
"turned-off" sq that they may not do as well as they are able.
Principle Il - Within the domain of a defined usage {contract) for any

given test item, all students should have equality of opportunity to
respond.

Criteria for Principle II

F) The content of the test item must not reflect information and/
or skills that may not be expected to be within the educational back-
ground of all students or groups that take the item.

G) The content of the item must not contain any clues or informa-
tion that could be seen to woqk to the benefit of any group or either
sex. .

H) The content of the item must be shared to all and not specific
to-any one group or sex. . r

1) Group specific language, vocabulary or reference pronouns (he,
she, etc.) must not be included in items.

Implications - Analyzing test items for bias is most useful in the test

construction phase when the test is easily amenable to change. The
included criterion measure has been systematically applied in several
such applications with encouraging results. It appears to the author,
however, that the measure is very possibly conservative and its appli-
cation will lead to the selection of a larger number of {tems as biased
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than post-hoc statistical procedures. However, as it is easier to
rewrite abberant items than to Speculate on their effect on scores, such
conservatism is likely to be both long-term efficient and beneficial.

The author expects to continue this research by applying five of
the published analytical item bias estimation procedures to the TASK
items previously examined by the criterion measure. The results of this
comparison will be used in a comparative concurrent validation of these
analytical estimators. . .

! The author advocates an ongoing test development and item writing-
tool that may be used as a benchmark measure of test item bias. [He's
not advocating an additional item bias estimation procedure or a replace-
ment one]. -

A}

Hayek, L. C. An empirical study of properties of mastery models.
Smithsonian Institution, April, 1979.

This study presents and empirically evaluates, a probabilistic
model for mastery assessment. Characteristics of the estimation pro-
cedure are examined and bias of estimates, asymptotic results and good-
ness of fit problems are discussed. The overall findings suggest that
not*only is total sample size a major concern for the user, but also .
average frequency per response vector and number of items were found to
be potential problem areas.

" Haynes, J. L. & Walker, C. Establishing criteria for objective mastery--
. art or science? Paper presented at the annual meeting of the
American Educational Research Association, San Francisco, 1976.

: The purpose of this paper is to examine some methods of estab-
lishing criteria for mastery for objective-referenced tests.

Recognizing the importance of valid criteria, the Florida Depart-
ment of Education conducted a series of studiges to determine: ’

1) the validity of the established criteria for masters,

2) whether an empirical basis for establishing criteria for
mastery could be identified.

The studies were conducted in conjunction with Florida's statewide
assessment program, which administers a state-developed, objective-
referenced test in reading, writing and mathematics to students in
grades three, six and nine. The three studies are described briefly in
this paper. )

The first study involved teacher judgment of mastery. If teachers
identify students as masters or non-masters and the same classification
occurs based on which students meet the established criteria, a high
degree of concurrent validity would be established. This presupposes
that teacher judgment about student mastery is itself valid and reliable.
The findings indicate that any criteria will result in a high percentage
of misclassifications when compared to a global teacher judgment about
student mastery or non-mastery of-a subject area.

_ The second study involved teacher judgment of ftem achievement.
This study asked teachers to apply their general knowledge of stu ents'
competencies to .estimate the difficulty of selected items which were
part of the assessment instwument. As‘a general approach to setting

-
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objective criteria, this method seemed to add little information for the
amount of work involved. Since teachers would probaply continue to use
a relatively small range, most mastery scores woul n-1. [If that
will be the outcome, it would be much easier to set n-1 as the criteria
without expending teacher effort to confirm it.

The third study, called one-above stddy, involved students which
were identified by their teachers as being superior students in either
communication skills or mathematics. Each student completed the shmmuni -
cation skills or math section of the regular assessment booklet for the-
grade immediately below. This process of administer1ng'ghe test to

superior students in the grade above seems to hold the m;st promise,
both as an approach to establishing criteria and as a meyns of identi-
fying weak items.

Helmstadter, G. C. A comparison of Bayesian and traditional indexes of
test item effectiveness. Paper presented at the-annual meeting of
the National Council on Measurement in Education, Chicago, 1974.

The purpose of this study was to épp]y‘Bayes Theorem to item

_analysis of test questions and to compare the resulting indexes of item

effectiveness with the traditional index of test item discrimination
when "high" and "low" knowledge groups are defined in three di fferent .

ways. Empirical data in this study were the responses to items on a pre '

and post test from 43 students in a multivariate statistics course and
from 55 students in an adolescent psychology course.

Bayes theorem was applied and led to the development of three
separate indexes of item effectivenes$ as follows:

1) the probability that a subjett knows the content’material giVeﬁ&g

the correct response was selected; ,

2) the probability that he does not know the material given that
the #ncorrect response was selected, £ :

3) the probability that a correct decision will be made about the
examinee's knowledge of the content given the results of performance on
that item. '

These three item characteristics plus a classical item discrimination-
index, were then computed for each ftem. Three yariants of these four
item characteristics were obtained by defining "high knowledge" and "low
knowl edge" groups in different ways. “

Intercorrelations among the twelve different indexes derived for
each item were computed over the items within each of the two separate -
tests. The medians of the intercorrelations among ways of defining
groups and the medians of the intercorrelations among the different item
indexes were calculated. A pringiple axis factor analysis with varimax
rotation was applied to each intercorrelation matrix, thus obtaining an
independent factor structure for each of the two classes.

The data suggest that the common practice of defining "high" and
“low" knowledge groups in terms of scores on the posttest only is ques-
tionable. They further indicate that there may be two quite distinct
types of effective achievement test items: those that indicate that the
examinee knows the material and those that indicate that the examinee
does not know the mater131,~ﬂ1hus, another common practice - that of
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using a single index of item discrimination - is also called into
question. '

Hi11, R. K. Use of the Rasch model to solve data problems encountered
by the California assessment program. Paper presented at the
annual meeting of the National Councdl on Measurement in Education,
San Francisco, 1979. S . ~ 2

This paper presents four problems that the staff of the California
Assessment Program, the statewide testing program for the State of
California, found difficult to solve. Each of these problems proved to
be readily solvable when techniques being developed by advocates of the-
Rasch model were applied. The gurpose of this paper was not to present
new approaches for using the Rasch model, but to demonstrate that the ]
approaches that have been developed already have great practical signifi-—> .
“cance and should be disseminated and used more widely by practitioners.

. L 4 ' '

Hills, J. R. Using empirical data to set cutoff scores. Paper
presented at the annual meeting of the National Council on Measure-
ment in Education, San Francisco, 1979. ‘ .

‘' The author notes that the 1974 edition of Standards for Educational

and Psychological Tests takes a clear stand on the setting of cutoff

scores. But that presentation was written a decade ago. The author ~

reviews some of the developments since then. This includes the work of .

Cronback & Snow in which they point out that investigators should be

looking for at least interactions of the fourth order; the work of

Millman who starts with the true score; the wor¥ of Hambleton & Novick

who suggest that one consider not only whether an error is made in

classifying a student, but which kind of error is more serious; the work

of Fhaner modi fied by Wilcox who suggest that the cutting score be set

in terms of an indifference zone. In Wilcox's development we must set

the desired probability of making a correct decision; the work of Davis

& Diamond which used Bayes's Theorem to calculate the lowest acceptable .

cutting score. Finally, the author discusses the work of Visco who

started from the observed score and chose not to use Bayes's thejrem.

Visco started with the observed score and a specified confidence inter- '

val and solved for the lowest true score that would be in the interval.

Visco also turns the problem around and considers setting.cutting scores

for nonmastery. : : - < _

The author notes that none of the examined methods offers support

to the notion that in criterion-referenced testing, we.need only a few

items to decide whether a student has mastered an objective. Hills is .

concerned. that there is not a system for classroom teachers to set

soundly the cutting scores on their own tests, or evaluate the soundness
of the cutting scores given them by publishers.
»

Hively, W., Patterson, H. L. & Page, S. A. A "universe-defined" system
of arithmetic achievement tests. -Jpurnal of Educational Measurement,
1968, 5, 275-290. -
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This paper shows that two quite different approaches to achievement
testing converge. One is the strong form of educational behaviorism
exemplified by B. F. Skinner's work in the area of programmed instruc-
tion. The other is the positivistic approach to mental test theory
exemplified by Cronbach's work on “"Generglizability." Hivély et al
maintain that if behaviorists can analyze non-trivial subject matter
into well-defined behavioral classes, generalizability theory promises
appropriate and powerful measurement models. Osburn (1968) has named
this area "universe-defined-achievement testing." ' : -

_ Data. are presented from one of the first applications. The subject
matter is mathematics. hé

A general form, together with a 1ist of generation rules, precisely .
define the set of all tesit/items which may be taken to represent the
diagnostic category. Thel pules, for generating such a set of test items

“is called an "itém form."/ A collection of item forms constitute a
“universe" from which tests may be drawn.- A "family" of random-parallel .
tests (Cronbach, 1963) is defined py a sampling plan over a universe of
item forms. A "generalizability stifdy” of the test families was con-
ducted.  Three_tests were generatedf§from each family. The results show
that the relative magnitudes of thefcomponents of variance display an

- extraordinarily consistent pattern scross the different test families.

It is emphasized that these results were obtained on the basis of purely
formal content analysis of the subject matter, without any statistical
item selection procedures whatsoever. ' ’

In addition to estimates of "relative" stability of test scores rf
expressed by intercorrelation coefficients, a measure of the indivi-
dual's performance. with respect to the universe, which does not require
comparison to other individuals for its interpretatiom, is also obtain-
- able. To get.this, we may use the within-person vartance to estimate a
confidence interval for any individual's "true" or "universe" score,
given his observed score on a randqmly chosen test. The underlying
assumption in all of the above is tkat the between- and within-person
_variances are independent of one anotper. ,

The authors continue to say that iven information about how a
person responded to a particular test item, we would expect to be able
to predict how he would respond to another, randomly-chosen item from
the same’ item form, but not necessarily how he would respond to an item
from a different item form. Predictions from one item form to another
should depend on how the items forms are related.

Hively concludes that the data lead one to place only moderate
faith in the item forms as categories which represent distinct, homo-
genous classes of behavior and which thus provide the foundation for
detailed diagnosis and remediation. By contrast, it seems paradoxical
that the total test scores should have been as reliable as they were.

Horn, J. L. Integration of concepts of reliability and standard error
measurement. Educational and Psychological Measurement, 1971, 31, .
57-74. . o

'
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The purpose of this paper is to explicate some of the problems
implied by the assumptions underlying derivations of various indices or
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error of measurement and such coefficients of reliability as the Kuder-
Richardson formula 20 and the Kuder-Richardson formula 21, and to indicate
_ some of the practical implications of various proposed solutions. :
"Horn looks at standard error of measurement and reliability co-
efficients as they are defined in terms of two random response models.
The conclusion is that generally the Kuder-Richardson formula 20 should
yield a larger estimate of reliability than the Kuder-Richardson formula-
21, and although the difference may be small in many practical sftua-
tions, the fact of the difference between the two should be kept in mind
when considering the standard error of measurement formulae.
In the second section of this_paper. Horn looks at some standard
error of measurement models. It is noted that different kinds of
. variability can be represented as "error" in any one of the formulae for
reliability or standard error of measurement.

Hughes, F. P. The Rasch model applied to the equating of several
examination forms. Paper presented at the joint session of the
annual meeting of the American Educational Research Association
and the National Council on Measurement in Education, San Francisco,
1979. o .

The equating of six tests was discussed using data-obtained from
common-item links and analyzed using the Rasch model. An iterative
procedure developed by Drs. Wright and.Mead for estimating average test
difficulty on a common scale, and for estimating the expected value of
shifts for common-item and non-existent links, was described and illus-
trated using these data. Also, a procedure is suggested for evaluating
the quality or coherence of the equating data, and its application to

the data in this study is discussed. ) S o

Two indices were derived to help identify triads and links that
lacked coherence. The author recommends that the distributions of these
indices should be investigated so that firm guidelines for identifying

triads and links that lack coherence can be established. .

Hummel-Rossi, B., & Oldak, R. An empirical comparison of methods for
determining reliability of criterion-referenced tests. Paper
presented at the annual meeting of the American Educational Research
Association, Toronto, 1978. '

Using a two-part aptitude test administered to 226 students criter-
jon-referenced ability estimates were obtained at selected cut-off
scores for Swaminathan, Hambleton, and Algina's kappa coefficient,
Huynh's kappa coefficient, Huynh's approximation for kappa, Harris's °
efficiency coefficient, and Subkoviak's coefficient of agreement. .
Results indicated similarity between the Swaminathan et al. and Huynh
kappa estimates. Huynh's approximation for kappa appeared stable.
Subkoviak's coefficient gave high estimates close to the observed’
consistency of classification. Harris's estimates proved. unrelated- to
the others. The authors note that the size of the reliability coeffi-
cient is bound strongly to the method of calculation.
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Before one computes the reliability of a criterion-referenced test
he must decide on the kind of reliability interpretation needed as the
various methods provide different types of information as well as
different values. In practice one rarely meets all the assumptions of
the various models for gstimating criterion-referenced reliability; as
one deviates from the models the estimates may become less accurate. '
Investigation of these coefficients under violations of their model
assumptions is suggested. '

Hutten, L. R. A comparison of the fit of empirical data'to two latent
trait models. Paper presented at the annual meeting gﬁwshe American
Educational Research Association, San Francisco, 1979.

The primary question addressed in this study was how well~do
empirical data fit the one and three-parameter logistic latent trait
models. The author notes that 1ittle research has addressed the question
of comparable model fit and 1ists three important questions.

1) Should the-practitioner select the Rasch model with one type of
data, and the Birnbaum (3-parameter) model for other kinds of data?

2) Is there improvement in model-data fit found by using the
three-parameter model, rather than the Rasch model?

3) How can practitioners determine which test model (the one or
three-parameter model) best suit their data? :

The results of this study indicate that for data having items equal
in discrimination, the Rasch model provides better fit to empirical data
than the three-parameter logistic model. A practical method for deter-
mining equality of item discrimination, using classical. point-biserials,
was suggested. It was also noted that the maximum 1ikelihood estimate
of the discrimination parameter may be inadequate at this time. As
improvements are made in the three-parameter estimation methods, a more
sensitive estimate of this parameter may be found. ’

Although the data-used in this study were multiple choice in
nature, violation of the “no guessing" assumption of the Rasch model did
not appear to effect fit of the one-parameter model to data. The maxi-
mum 1ikelihood procedure tended to overestimate guessing for this data.
This caused reduced model-data fit of the three-parameter model espe-
cially in the lower ability range. Generally, guessing was unestimable
for this data. The author states that better estimates are needed for
both item discrimination and guessing if the three-parameter model is to
be used effectively.- )

Using a factor analytic criterion, the data used in this study were
all found to have one general factor which, in all cases, accounted for
more than 20% of the test variance. There also appeared to be some
improvement of fit to both models for data that showed extremely strong
first factor variance. '

Although the ability estimates from short tests were good, item
estimates from small samples of persons-tended not to be so good. This
result was especially apparent in estimating item.discrimination from
small samples. e

When the logist program was used with known item parameters, the
cost of estimation in one and three-parameter cases was equivalent. 1In
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~are quite dissimilar, the three-parameter model demonstrated super1or

Huynh, H. Bayesian and empirical Bayes approaches to setting test

the empirical Bayes mastery scores derived from Huynh's decision-theo-

estimating item parameters simulteneously with ability, the savings
found by using the one-parameter model were considerable. :

In summary, ysing costs and fit to test score distributions as
criteria, the Rasch model was clearly superior in fit to empirical data.
than the three-parameter logistic model. It is important to note that
other criteria for fit might have been selected which would have shown
better fit for the three-parameter model.

The results also show that in the case when item discriminations,

fit to the Rasch mode] Research is needed to determine how unequal
item discrimination needs to be for the three-parameter model to become
more -effective.

Finally, it is important to note that the conclusions drawn in this
paper are tentative. The project is in midstream; less than half of the
projected data sets have been analyzed to date.

mastery scores. Paper presented in an AERA/NCME joint syposium on
“psychometric approaches, to domain-referenced testing", at the
annual meeting of the American Educational Research Association,
San Francisco, 1979.

The Bayesian maftery scores as proposed by Swaminathan et al. and

retic framework are compared on the basts of approximate beta-binomial
and real CTBS test data. It is found that the two sets of mastery
scores are identical or almost identical as long as the test score
distribution is reasonably symmetric or when the true criterion level is
high. Large discrepancies tend to occur when this level is low, espe- -
cially when the test scores concentrate at some extreme scores or are
fairly bumpy. However, in terms of mastery/nonmastery deci s, the
Huynh procedure provides the same classifications as the BayEsian method
in practically all situations. Moreover, the former may be used for
tests of arbitrary length and has been generalized to more complex
testing situations.

Huynh, H. Budgetary consideration in setting mastery scores. Research
Memorandum 79-3, publication series in mastery testing, Educational
Research Program, Columbia, South Carolina: College of Educatian, '
University of South Carolina, 1979.

A general model along with four 111ustrat10ns are presented for-the
consideration of budgetary constraints in the setting of cutoff scores
in instructional programs involving remedial actions regarding poor test
performers. Budgetary constraints normally put an upper 1imit on any
choice of cutoff score. Given relevent information, this 1imit may be
determined. Alternatively, ways to assess the budgetary consequences
associated with a given cutoff score are provided. Such information
would be useful in any final decision regarding the cutoff score. ///,
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Huynh, H. A class of mastery scores based on the bivariate normal
model. Research Memorandum 79-4, publication series in mastery
testing, Educational Research Program, Columbia, South Carolina,
1979. ' \

This study touches some aspects of the determination of mastery
scores on the basis of the bivariate normal test model. The loss ratio
associated with classification errors is assumed to be constant, and the
referral success function ranges in the normal ogive family. Alter-
natively the model also provides a fairly simple way to assess the loss
consequences associated with each mastery score. Such information ‘is

deemed useful to the test user who may wish to examine these conse-

quences before making a final choice of cutoff score. It is also noted
that the model provides a latent trait analysis for testing/measurement
situations involving instructed and noninstructed groups, or pretest and
posttest data. N

Huynh, H. Computation and inference for two reliability indices in
mastery testing based on the Beta-binomial model. Paper presented
at the annual Southeastern Invitational Conference on Measurement
‘in Education, Greensboro, North Carolina, 1978.

In mastery testing the raw agreement index and the kappa index may
be secured via one test administration when the test scores follow beta-
binomial distributions. This paper reports tables and a computer pro-
gram which facilitate the computation of those indices and of their
standard errors of estimate. Illustrations are provided in the form of
confidence intervals, hypothesis testing, and minimum sample sizes in
reliability studies for mastery tests.

Huynh, H. A nonrandomized minimax solution for mastery scores in the
"binomial error model. Research Memorandum 78-2, publication series
in mastery testing, Educational Research Program, Columbia, South
Carolina: College of Education, University of South Carolina, 1978.

A nonrandomized minimax solution is presented for mastery scores in

the binomial error model. The computation does not require prior know-.

ledge regarding an indtvidual examinee or group test data for a popu-
lation.of examinees. The optimum mastery score minimizes the maximum
risk which would be incurred by misclassifications. A closed-form
solution is provided far the case of constant losses, and tables are
presented for a variety of situations including 1inear and quadratic
losses. A scheme which allows for correction for guessing is also
described. .

Huynh, H. & Mandeville, G. K. An approximation to the true' ability
distribution in the binomial error model and applications. Paper
presented at the annual meeting of the American Educational Research
Association, Toronto, 1978.

Assuming that the dens1ty p of the true ability 6 in the binomial
test score model 1s'gont1nuous in the closed interval (0,1), a Bernstein

)
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polynomial can be used to uniformly approximate p. Then via quadratic
programming techniques, least-square estimates may be obtained for the
coefftcients defining the polynomial. The approximation, in turn will
yield estimates for any indices basged on the univariate and/or bivariate
density function assogiated with the binomial test score model. Numerical
{1lustrations are provided for the projection of decision reliability

and proportion of success in mastery testing.

The authors note that a linear constraint is built into this algorithm
and thus the accuracy of the fitting may be somewhat disturbed. ‘Another
version of the approximation with no such linear constraint will soon be
~investigated by the authors. ’

Huynh, H.:& Perney, J. Determ1nat10ﬂ.of mastery scores when instruc-
tional units are linearly related. Paper presented at the annual
meeting of the American Educational Research Association, San
Francisco, 1976.

A procedure is described for the determination of mastery scores
when instructional units are sequenced in a linear hierarchy. The
scheme is basedapn the' principle of backward induction. Using an over-
all evaluatfon o estimate the criterion level, the mastery score for
*the last unit is determined first. On the basis of mastery classi-
fication for the last unit, a mastery score is computed for the pre- -
ceeding unit. The process is continued until a mastery score {s obtainegd
for the first unit. : '

A model re1a21ng the performance on the referral task to the
criterion level ahd mastery score is based on the beta-binomial density
function. The implication is that all test items are of equal difficulty.
(Students with lower test scores are more likely to fail the referral
task than those with higher test scores.) ‘

The steps for the computation-scheme, which is similar to the
technique of backward induction, is presented. ’

Huynh, H. & Saunders, J. C. IFI. Accuracy of two procedures for
estimating relfability of mastery tests. Paper presented at the
annual conference of the Eastern Educational Research Association,
Kiawah Island, South Carolina, 1979.

The beta-binomial estimates for the raw agreement index p and the
"kappa index in mastery testing are compared with those based on repeated
testings in terms of bias and sampling stability. Across a variety of

test score distributions, test lengths, and mastery scores, the beta-
binomial estimates tend to underestimate.the corresponding population
values. The percent of bias, however, is negligible (about 2.5%) for p
and moderate (about 10%) for kappa. Both beta-binomial estimates are
almost twice as.stable as those based on repeated testings. Though the
beta-binomial estimates presume equality of item difficulty, the data
presented indicate that even gross departures from equality do not
affect the performance of the estimates. } -
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Hyme],AG. M. & Gaines, W. G. Emrick's model as a basis for.determ1n1ng
an optimal criterion score and a ratio of regret in a mastery testing
situation. Paper presented at the annual meeting of the National

Council on Measurement in Education, Toronto, 1978. - \

The authors note that Emrick's model is an algorithm which «generates
a test cut rule or mastery criterion based upon both the properties of
a given test and a cost-benefit ana1{s1s_of possible decision-errors.
- The objectives of this paper are: ©

(1) to present the basic asSumptions and formulation of Emrick's
('71) evaluation model .for mastery testing. _ S

“(2) to demonstrate the application of the model in determining

the most appropriate mastery.criterion that should be established for a
field-tested achievement instrument. ‘

(3) to suggest an ex post facto application of the model to those
situations in which the determination of a mastery criterfon and the use
"of a gtvén instrument have already occurred. '

.In this paper the authors fail to mention the Wilcox-Harris paper,
“On Emrick's 'An Evaluation Model for Mastery Testing'" in the Journal
of Educational Measurement, 1977, 3. In the Wilcox-Harris paper it is
shown that Emrick's expression for the correlation between a mastery
state and item response is correct when exactly half of the examinees
are masters or when there is no measurement error, but that in general,
his expression is incorrect. It is further shown that Emrick's esti-
mation of the probability of misclassifying examinees cannot be justi-
fied when the generally-correct correlation is used. . .

Ironson, G. H. A comparative analysis of several methods of assessing
item bias. Paper presented at the annual convention of the American
Educational Research Association, Toronto, 1978.

Test data from two diverse culture.groups (1,691 blacks; (1,794
whites) were analyzed to determine the agreement among four methods of
bias and two indices intended as validity criteria. The four methods of
detecting item bias were:

1) transformed difficulty,

2) discrimination differences,

3) chi-square,

4) 1tem characteristic curve. '

The first validity measure was based upon matching groups on ability and
the second was based upon classifying each item as traditional (verbal &
mathematics) or nontraditional (letter groups, mosaic comparisons,
picture number). The test battery was given as part of the National
Longitudinal Study of High School Class of 1972 and was composed of 155
items from the six substests listed above.

There appeared to be some bfas in the battery as measured by

1) those indices having associated significance tests,

2) a comparison of two white groups showing considerably less bias
than the black and white comparison groups of interest. ’

For the 150 items analyzed, thiee of the methods (which maintained
magnitude but not direction of bias), .
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1) .transformed difficulty, ’
2) chi-square, )
\ 3) ICC; approaches were moderately, correlated (182 = ,239, 143 2
370, 243 = .485). N '
There was 1ittle agreement between the discrimination differences ‘approach
‘and the others. Upon close examination the percent agreement among the -
items identified as most biased by each method was moderately low"
0f the two validity indices, the traditional verses non-traditional
classification of items had higher correlations with the bias methods;
the obtained correlations. were (.244; .10Y; .280; and .414) with the
four bias methods respectively. The second validity measure examined
difficulty differences for a random-sample of 100 blacks matched with
100 whites separately on each subtest score. This index correlated
significantly with both the transformed difficulty (.279) and ICC (.316)
approaches (with both direction and magnitude of bias preserved). The
chi-square index was not included in this analysis because the direction
of bias is difficult to maintain. |
Finally, the correlations were not high enough to offer conclusive
advice to the user on which bias methods to employ. Thus, the author
suggests that additional studies reed to be done to further evaluate the
~external validity and comparability of the methods.

Kaiser, H. F. & Michael, W. B. Domain validity and generalizability.
Educational and Psychological Measurement, 1975, 35% 31-35.

5 An alternative derivation of Tryon's.basic formula for the co-
efficient of domain validity or the coefficient of generalizability
developed by Cronbach, Rajaratnum and Gleser is provided. This deri-
vation, which is also the generalized Kuder-Richardson coefficient,
requires a relatively minimal number of assumtions compared\with that in
previously proposed approaches. ’

Kane, M. T. & hrennan, R. L. Agreement coefficients as indices of
dependability for domain-referenced tests. ACT Technical Bulletin
No. 28, Iowa City: The Research and Development Division, 1977.

The authors point out that a large number of seemingly diverse
coefficients have been proposed as indices of dependability, or reli-
ability, for domain-referenced and/or mastery tests. In this paper, it
is shown that most of these indices are special cases of two generalized
indices of agreement, one that is corrected for chance, and one that fis
not. The special cases of these two indices are determined by assump-
-tions about the nature of the agreement function or, equivalently, the
nature of the loss function for the testing procedure. For example,
indices discussed by Huynh, Subkoviak, Swaminathan, Hambleton and Algina
employ a threshold agreement, or loss function; whereas, indices dis-
cussed by Brennan and Kane and Livingston employ a squared error loss
function. Since all of these indices are discussed within a single
general framework, the differences among them in their assumptions,
properties and uses can be exhibiteg clearly. For purposes of comparison,
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norm-referenced generalizability coefficients are also developed and
discussed within this general framework. . C o o
Katzenmeyer, C. G., Stewart, D. M. & Quilling, M. R. A model for.the
development and evaluation of placement tests for objective based
curriculum management systems. Paper presented at the annual meeting
of the American Educational Research Association, Chicago, 1974.

This paper outlines a model for the development and evaluation of a
placement test for the Word Attack area of the Wisconsin Design for
Reading Skill Development: A thirty-item placement test was constructed
and tried out in two elementary schools prior to program implementation.
Development strategies and effectivenass of the placement test 1in
minimizing leveling errors are discussed.

A student was considered inappropriately leveled if he mastered O
or only 1-scale at a level (test down) or mastered all or all but 1
test at a level (test up). With regard to this sample, almost all
‘inappropriate placements were "test ups". The authors considered that
the most important finding in this study was that the Placement Test
could provide highly accurate information in only one direction. Given
the base rate of approximately 75%, the Placement Test was quite effective
in providing a threshold level below which it could be said with con-
siderable certainty that the student was properly leveled, but the
decision to "test up" when the threshold score was exceeded could not
be made with similar accuracy. It remains to be seen whether this

notion of the placement test as a threshold measure will be supported in. .

a new sample that contains a larger portion of "“test downs".

Kelley, P. R. Combined common peréon and common item equating of medical
science examinations. Paper presented at the annual meeting of the
American Educational Research -Association, San Francisco, 1979.

The use of the Rasch model for equating medical examinations has
passed through a three-phase evolution. First, was the equating of
current and reference tests via a combined common person, common item
procedure based on subtest calibrations of item difficulties. Next,
current and reference tests were equated via a common item procedure
based on total test calibrations of item difficulties. Finally, came
the common item equating of a current examination, with difficulties
calibrated on the total test, to a combination of several reference
examinations, in otig words, to the item bank. '

This step of equating to the bank scale is important because it
will allow for maximum flexibility in use of the item bank for test
design and development. It will also provide a broader examinee base
for the conversion of Rasch person abilities to scores on a traditional
scale.

Once the item difficulties are in place og the bank scale, it will
-not be assumed that they can be used forever hout being checked.
Procedures to detect drift in item difficulty and fit will be imple-
mented. - '

Use of the Rasch model in this way will enable. the medical examiners
to monitor, over time, comparability of examinee samples and the diffi-
culty of items. This is expected to enhance their ability to monitor
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. | she comparability over time of the standards set for passing the tests
for purposes of certification. : .
Kiefer, E. & Bramble; W. The calibration of a criterion-referénced
test. Paper ‘presented at the annual meeting of the American Educa-
tional Research Association, Chicago, 1974. -

The authors think that the crucial difference between criterion-
referenced measurements and normative based testing is the way that
scores are interpreted. The question is whether the test is designed
for the purpose of comparing a score to some criterion or standard or
whether it is designed to make comparisons between individuals.

The following questions are raised by the use of criterion-refer-
enced measurements:

- 1) assuming that a standard or criterion has been chosen, how
generalizable is it? : ’

2) MWhat is the relationship between the test items and test scores
and those standards? ' .

3) Given. that the scores are compared to a standard, with how much
precision can one state whether a particular score represents attainment -
or above the standard? That is, how good is the decision which classi-
fies students-as having either attained or not attained that standard?

It is with these questions in mind that the authors chose to calibrate a
criterion-referenced test using the Rasch model.

The data for this investigation were item responses on an 84 item
final exam from an introductory educational psychology course at the
University of Kentucky. The subjects were 201 U. of K. undergraduates

“enrolled in the College of Education.

The items for the test were fitted to the Rasch model. The process
by which the test was calibrated was based on the procedures outlined by
Wright & Panchepakesan (1969); the six steps are outlined by the authors.

‘ A major limitation of the procedure followed by the authors was the
problem of arriving at a decision about what to do with items which
measure important performances but do not fit a latent trait. For a
Rasch model, there are 3 main reasons why an item does not fit a latent
trait: : ‘ :

1) the item measures a different trait,

2) the item is poorly written and does not measure the desired
performance, )

3) the item measures the trait but does not fit the model because
of the model's restrictive assumptions (i.e. that all the discrimination
parameters are equal to one).

The authors advocate that the test maker should hypothesize which 1items
measure which trait, calibrate the items, and look closely at items
which do not fit the model to see if the items are good ones. If they
are not good ones, r&-write them, 1f they are good ones, keep them.

A sacond limitation of their procedure is the size of the sample
needed to generate stable parameter estimates. Wright suggested to them’
that a group of at least 200 respondees is necessary. This could be a
problem for a classroom teachers.
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The authors conclude that the Rasch model, and other latent trait
models, are potentially useful ‘fer the calibration of criterion-refer-
enced tests. With a large pool of calibrated items, the tester can use
any sub-set of them to estimate ability on the trait. This makes the
' comparison between the student's ability and the criterion a meaningful
_one without resorting to either a normative rubric or a defense of the -
criterion and the domain from which the items were selected. Given a -
criterion, it is possible to say, without regard to a samp)e of-persons;.
or the sample of items, what the probability of a person ting the )
criterion is. In addition, given a large pool of items it fs possible
to estimate person ability to practically any degree of accuracy. This .
insures a more precise determination of the probability that the person

o has exceeded the criterion.

The authors are convinced then that the calibration of a criterion-
referenced test leads to more consistency between the purposes of such
testing and the interpretation of the scores. It leads to more generali-
zability about the meaning of the scores and more precision concerning
. the exteNt to-which a score represents passing a criterion. Despite

some limitations of this procedure it has great potential in its appli-
cation. ’

Kingsbury, G. G. & Weiss,4Q. J. An adaptive testing strategy for
mastery decisions. Rese€arch Report 79-5, Psychometric Methods
Program, Department of Psychology, University of Minnesota,
Minneapolis, MN. 55455, 1979. ‘

In an attempt to increase the efficienc;‘uf mastery testing while
maintaining a high level of confidence for each mastery decision, the
authors applied the theory and technology of item characteristic curve
(ICC) response theory and adaptive testing to the problem of judging
individuals' competencies against a pre-specified mastery level to
determine whether each individual is a. "master” or a "nonmaster" of a
specified content domain. Items from two conventionally administered
classroom mastery tests administered in a military training environment
were calibrated using the unidimensional three-parameter logistic ICC
model. Then, using response-data originally obtained from the con-
ventional administration of the tests, a computerized adaptive mastery
testing (AMT) strategy was applied in a real-data simulation.

The AMT procedure used ICC theory to transform the arbitrary
"proportion correct" mastery level used in'traditional mastery testing
to the ICC achievement metric in order to allow the adaptation of the
test to each trainee's achievement level estimate, which was calculated
after each item response. Adaptive testing continued until the 95%
Bayesian confidence interval around the trdinee's achievement level
estimate failed to contain the prespecified mastery level. At that
point testing was terminated, and a mastery decision was made for the
trainee. .

Results obtained from the AMT procedure were compared to results
obtained from the traditional mastery testing paradigm in terms of the
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reduction in mean test length, information characteristics, and the
correspondence between decisions made by the two procedures for three
different mastery levels and for each of the two tests. ' The AMT pro-
cedure reduced the average test length 30% to 81% over all circumstances
examined (with model test length reductions of up to 92%), while reaching
the same decision as the conventional procedure for 96% of the trainees. «
The authors note and discuss additional advantages and possible
applications of AMT procedures in certain classroom situations; further
research questions are suggested. . *

K1nd§bury. G. G. & Weiss, D. J. Effect of point-in-time in instruction |
on the measurement of achievement. Research Report 79-4, Department
of Psychology, University of MVnnesota. Minneapolis, Mn., August,
1979.

) I

" The authors point out that item characteristic curve (ICC) theory
has potential for solving some of the problems inherent*in the pretest-
test and test-posttest paradigms for measuring change in achievement
levels. However, if achievement' tests given at different points in the
coupse of instruction tap different achievement dimensions, the use of -
1Cq approaches and/or change scores from these tests is not desirable.
This problem is investigated in two studies designed to determine whether
or not achievement tests administered at different times during a
s$quence of instruction actually measure the same achievement dimen-
sions.

. To investigate possible changes in dimensionality between different
points in instruction, aspects of the dimensionality of achievement test
data were examined prior to instruction, at the peak of instruction, and
up to a month following the peak of instruction. Data used were con-
ventional and adgptive achievement test data administered to students in
a general biology course at the University of Minnesota. :

Results raised questions about the utility of the pretest-test
paradigm for measuring change in achievement levels, since a comparison
of ICC parameter estimates indicated that a change in the dimensionality
of achievement had occurred within the short (4-week) period of instruc-
tion. This change was also observed using a factor analytic comparison.

Use of the test-posttest paradigm to measure retention was supported,
since a regression comparison of students' achievement level estimates
did not indicate any significant change in‘the achievement metric up to
1 month after the peak of instruction. ~The significance of this results
for the use of adaptive testing technology in measuring achievement is
described. .

Implications of these studies and the use of ICC theory in the
measurement of achievement, as well as some potential limitations in
terms of generalizability of these results, are discussed.

Kingsbury, G. G. & Weiss, D. J. Relationships among achievement level
estimates from three item characteristic curve scoring methods.
Research report 79-3, Psychometric Methods Program, Department of
Psychology, University of Minnesota, Minneapolis, Mn., 1979.
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* three-parameter ICC models. The three scoring methods were maximum-

vScales of measurement, types of disgributions, and conditions where the

N r

This study compared achievement level estimates from three item @l
characteristic curve (ICC) scoring methods using the one-, two-, and

1ikelihood normal, maximum=-1ikelihood logistic, and'Owen's Bayesian
scoring method. Data included all possible response patterns from a
hypothetical five-ifem test, as well as response patterns from live
administration of a congent1onal and adaptive achievement test. For the
conventional and adaptive test data, correlations among achievement
level estimates were examined as a function of test length. =

Results for all data sets showed a high degree of similarity among
0 estimates foP the one- and two-parameter data, with slight decreases
in correlations as information on the discrimination parameter was used s
in scoring. When the third ("guessing") parameter was used in scoripg
the item response data, correlations among © estimates were reduced,
particularly for the adaptive test data. The data also showed an o
increasing tendency for the maximum-1ikelihood methods to result in T
convergence failures as the third parameter of the ICC was used in .
scoring. In general, the adaptive test data Wwere less likely to result ;
in convergence failures than were the conventional test data. The data :
also 1llustrated how each of the three scoring methods tend to utjlize - \ !
ICC parameter informatign in arriving at @ estimates and the relation- |
ships of these estimates to a number-correct scoring philosophy. The i S
authors discuss the advantages and disadvantages of each of the scoring
methods”. They suggest that future research examine the relative validi-
"ties of scoring methods and model combinations. Co

>,

Klein, D. F. & Cleary, T. A. Platonic true scéregz Further commeﬁt.
Psychological Bulletin, 1969, 71, 278-280.

The true score in classical test theory is defined as an expected
value. Some people have assumed incorrectly that this true score is
also necessarily accurate. Unfortunately, the intuitively appealing
accurate alternative to the classical true score, ‘the "Platonic” true
score, does not lead to the standard classical theory relatiooships
among true, error,.and observed scores. The present article attempts to - '
clarify some questions regarding these two conceptions of true scores. \\\

two true scores are equivalent, and error reduction, are discussed.
This is Klein & Cleary's response to Levy's attack on their original
article on Platonic true’ scores. :

Klein, S.  P. & Kosecoff, J. Issues and procedures in the development
of criterion referenced tests. ERIC clearinghouse on tests, measure-’
ment and evaluation. Princeton, New Jersey: Educational Testing
Service, 1973.

7
This paper has attempted to outline the basic steps and procedures -
in the development of criterion referenced tests as well as the issues
and problems assdqgated with these activities. In addition, representa-
tive CRT systems have been reviewed. From this analysis it is clear "
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that the developer of a CRT must answer a number of quest1ons in order

"+ to clarify the nature-and purpose of a CRT.

1) For what decision areas and purposes is the CRT most applxcable’
2) What areas and objectives does the CRT cover and how'were these

objectives derived and organized? :
3) How broadly or narrowly are the obJectnves defined?

4) How were the test items or tasks chosen to measure the obJect1ves'

defined and developed?

5) How dependent are the items on part1cu1ar instructional materials
or programs? And what is their app11cab111ty to d1fferent kinds of ° '
students? '

6) What methods were used to improve the items on the CRT and why
were they chosen relative to the purpose of the instrument?

7) How was the validity of the CRT established?

8) What kinds of scores should be reported for a CRT and what is

“the justification for these scores, especially those involving "Mastery?" .

9) How was the test finally put together, what compromises had to
be made, and how were they resolved?
-10) In what ways will packag1ng of the CRT fac111tate /its use?
The CRT systems reviewed in this paper are:
1) California Test Bureau-McGraw-Hill (CTB) - Prescriptive Mathe--
matics Inventory (PMI).

2) Comprehensive Achievement Monitoring (CAM)

*3) Individualized Criterion Referenced Testing (ICRT).

4) Instructional Objectives Exchange (IO0X).

5) Minnemast curriculum Project®University of Minnesota.

6) National Assessment of Educational Progress® (NAEP).

7) Southwest Regipnal Laboratory (SWRL). -

8) System for Objectives Based Assessment - Reading (SOBAR),
Center for the Study of Evaluation: UCLA

9) Zweig and Associates.

.

Koch, W. R. & Reckase, M. D. Problems in application of latent trait -
. models to tailored testing. Research Report 79-1, Tailored
Testing Research Laboratory, Educational Psychology Department,
University of Missouri, Columbia, Mo. 65211

Computer1zed tailared testing procedures have been sucEessfully
applied in the past to the measurement of aptitude or ability. The
latent trait models employed in these procedures make the basic assump-
tion that the underlying latent trait being measured is unidimensional.
However, achievement tests are commonly found to measure several factors.
The purpose of the present research was to study the effects of using '
tailored tests for achievement measurement, knowing .that the unidimen-
sionality assumpt1on would be violated. Of equal importance to the
study was a comparison of the one- and three-parameter logistic models
to each other as well as to a traditional paper-and-pencil achievement
~ test. A total of 110 undergraduate students enrolled in an introductory

educational psychology and measurement course at the University of
Missouri-Columbia served as examinees for the study. A counterbalanced
test-retest design was employed .in which there were two separate test
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» sessions. one week apart for each exam1nee, with both the one- and *
three-parameter tests administered at each session. The tailored tests
were administered on App11ed'big1ta1 Data Systems Consu1 980 cathode ray
tube terminals which were connected to an I1BM 370/168 qomputer through' a
timesharing system. Relative efficiency curves, test-retest. reliabi]ity
~coefficients, goodness of fit of the models, descriptive statistics, .
contént validity ‘and the corrglation of the tailored test abi]ﬁty esti- .
mates with the traditional course exam scores were used to compare the
models. Item pools were constructed through the yse of linking pro-
cedures to place item parameters from different test calibrations qnto
- the same S§cale. During the tailored test, items were selected for,
administration based on the information function, and maximym "1ikelihood -
ability .estimation was employed. In addition, an attitude. survey was
administered after each test session to determine student *attitudes
toward the tailored tests.. The results of the study indicated that
neither tailored test procedure performed as well as the traditional
course exam in terms of reljability. However, the three -parameter
procedure had higher test information and hetter fit of observed responses
, to the-model than the one-parameter procedure. Neither the one- parameter
nor the three-parameter tailored tests yielded satisfactory content’
validity. The attitude scale results indicated general]y favorable
student attitudes toward "tailored testing.

Koch, W. R. & Reckase,'M.'D. Problems in application’of Iatent trait
models to tailored testing. Paper presented at the annual meeting
of the National Council on Measurement in Education, San Francisco,
1979. ,

The purpose of ‘this' paper was to descr1be some of the difficulties.
which became evident while conducting tailored testing research at the
University of Missouri-Columbia. The authors first discussed the
"rationale behind tailored testing and some of its primary character-
istics.

They conc]ude that the results of app1y1ng ta110red testing pro-
cedures to the measurement of unidimensional vocabulary ability were
generally satisfactory. However, tailored testing applied to multi-
dimensional achievement measurement presented many difficulties. Some

» of the possible causes of these difficulties include the small sample

sizes used to ca]ibrgte the tests resulting in unstable item.parameter
estimates; a compounding of the instability of the parameter estimates
'during linking procedures; the possibility that latent trait models may
not be robust with respect to violation of the unidimensionality assumpg
tion by multi-content achievement tests; and the nonconvergence of some '
tailored tests when using maximum 1ikelihood ability estimation.

//—\) The &uzhors note that very little'can be taken for granted in
setting up tailored testihg procedures. They conclude that a great deal
more research must be conducted to determine optimal levels of the
various components that control tailored testing procedures.

-

Kolen, M. J. & Whitney, D. R. Accuracy of estimating two parameter
logistic latent trait parameters and 1mp11cetions for classroom

138




tests. Paper presented at the annual meeting_of the—American
Educational Research Association, Toronto, 1978. )

The authors contend that the probiem~of possib1e Tow accuracy in

~ estimation of the.latent trait parameters due to small sample sizes must

be considered before latent trait theory can’ be useful for classroom .
tests.,

‘The purpose of this study was to assess, using computer generated
data, the accuracy of estimation in Birnbaum' 's two parameter logistic

'mode1 with varying small sample sizes. The max1mum 1ikelihood (ML)

Y

'procedure for estimating the latent trait parameters was compared to a

method in which the observed relative frequencies were smoothed using an
isotonic regression method prior to applying the ML procedure. Com- B
parisons of accuracy in estimation were based on mean squared error,
variance and bias in estimating the parameters. In addition, the
obtained average variances were compared to an approximation to the Rao-
Cramer lower bound for the variance in estimating each of the two para-
meters.

‘ The relative frequencies were randomly generated 100 times for each
of the 45 possible combinations of ag(s1ope parameter - item discri-

mination), b_ (location parameter - item difficulty) and N. The par-

" ameters (ag and bg) were estimated for each of the replications using

both.of the procedures. The individual ability parameters were fixed
and assumed known for all replications.
Results: The regular ML method led to more accurate estimation of

the slope parameter (ag) whereas the isotonic method yielded more

accurate estimation of the location parameter (bg) The results ‘indicate

that since the isotonic method was not more’accurate for both parameters
and does not provide a reduction in computational labor, it probab1y
would not be used exclusively in practice.

The results also indicated that the approximating variances approach

* slosely the obtained variances for the larger sample sizes and- at some

combinations of the parameters for the smaller sample. sizes.

In.relation to classroom testing, unless samples of approximately
100 or more students are used, the latent trait parameter estimates will
ba fairly inaccurate (but the problem of inaccuracy in estimating the
$1assica1 indexes also exists). For small samples, the estimates of the

latent trait parameters are probably no less accurate than those for the
classical indexes. The authors conclude that the choice between classical

and latent trait theory should be made on the amdunt and quality of

information each theory provides to the instructors.

Kos1owsky, M. & Bailit, H. A measure of relijability using qua11tat1ve
data. Educat1ona1 and Psychological Measurement 1975 35, .843-846.

The authors note that in many types of research activities, 1t is
necessary to obtain a-reliability measure for qualitatjve or unordered
data. The procedures that are presently available cannot handle such
data using the classical reliability measures. Finn s (1970) method
assumed internal type data, and Goodman and Kruskal's (1954) formula for
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handling reliability of unordered data is good for only one item at a

time.. This paper expands the Goodman & Kruskal formula, and discusses

an approach for calculating the inter-rater reliability for a series of

jtems across many subjects. The procedure is considered to be amalogous

. to the usual reliability determination for an achievement test or an
‘attitude test. :

Kriewa]], T. E Aspects and applications of criterion-referenced
tests. Paper presented at the annual meet1ng of the American
~Educational Research Association, Chicago, 1972.

The measurement information generated by CRT's is designed for use
in instructional management systems where classifications of pupils for
treatment are to be decided on the basis of minimal data consistent with
predetermined limits for the errors of misclassification. The measures
obtained are content-specific estimates of proficiency useful for the
stratification of learning groups on a da¥-to-day basis if need be. By
sampling across items rather than across persons, absolute measures of
proficiency‘ape obtained which can be reliably interpreted for non-
randomly selected pupils, the pupils of particular instructional concern.
The model is designed for wide variety of applications but retains in
the concept of proficiency a simple and useful index for instructional
management. The empirical data generated have clear implications for
instructional decision-making.

' Some of the applications of item-sampling theory include the
ability to;

1) categorize learners into temporary 1earn1ng groups on the basis
of a common requirement for instructional treatment (Diagnosis and
Prescription Function);

2) assess the.relative effectiveness of competing 1nstructiona1
treatments (Instructiona] Assessment Function);

3) to determine, in the case of established in tructiona] segments
having predgtermined performance standards, which individuals have
acquired minimal standards of proficiency required for mastery and which
learners require further prescriptive assistance (Quality Control-
Function);

4) " in the case of curriculum development, to indicate hierarchical
relations within a content sequence (Curriculum Design Function).

Krippendorff, K. Estimating the reliability, systematic ‘error and
random error of internal data. Educational and Psychological Measure-
ment, 1970, 30, 61-70.

1

The author states that the ana]yst of a recording instrument may
wish to obtain the following:

1) An estimate of the reliability of a population of data over all
observers in the universe using the recording instrument. This measure
js-called data reliability and can be 1nterpreted as a measure of the
confidence 1n data.

2) + An estimate of the extent to which data reliability could be
improved if scale values were to be transformed or their definitions.
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‘were to be'modiﬁied for the individual pbservet;<f¢}ﬁjs measure assesses

the systematic error of the recording process, #hich,> together with a
measure of the random error may be said’ to account for the lack of data
reliability. o .

3) An estimate of the reliability associated with each individual
observer, often called individual reliability. Such an estimate permits
the identification of observers who are detrimental to achieving high
data reliability. TDeviant observers need either more instruction or
cannot be employed in the process of collecting ‘data.

4) An estimate of the extent to which each observer is corrigible
by further instruction. Such an estimate would assess systematic
observer biases which together with the individudl's random error
account for Tack of individual reliability.

5) Finally, there is needed an indication of the extent to which a
random sample of observers agree on the scoring of each unit of recording.
This measurement may be call§$ unit reliability and allows one to identify
sources of unreliability within the set of observations.

In his article, the author agfs at explicating these analytical

devices. ;
Levy, P. Platonic true scores and rating scales: A case of uncorrelated
definitions. Psychological Bulletin, 1969, 71, 276-277.

’

. o
The demonstration by Klein and Cleary that thegassumptions of
classical test theory are untenable for Platonic tr‘e score theory is

- based upon a confusion of the nominal and interval sca]e meanings of the

digits 1 and 0. Classical test theory applies, by defipition, only when
its definitions are allowed to operate. Their referencge to the work of

Sutcliffe diq/hot support their case. .
" [This is @ rebuttal of Klein & Cleary's article o atonic true
score\and errors in psychiatric rating scales in Psychological Bulletin,

1967, 68, 77-80.

Livingston, S. A. Reliability‘%f tests used to maKe.pass/fail decisions:
Answering the right questions. Paper presented at the annual meeting
of the National Council on Measurement in Education, Toronto, 1978.

The traditional reliability coefficient and standard error of
measurement are not adequate-measures of reliability for tests used to
make pass/fail decisions. Answering the important reliability questions
requires estimation of the joint distribution of the true and observed
scores. Lord's "Method 20" estimates this distribution without the
deficiencies of other methods. New output formats condense the estimated
distribution into readily useable information, including a 2x2 contingency
table, conditional trué-score distributions, and an index of decision-
making efficiency.

Livingstdy talks about "minimally acceptable performance" e.g.
passing a final exam for a course, rather than "mastery-nonmastery" of
the material. He asks three questions:

1) Of those persons who passed the test, how many would have -«
passed if the test_bad been perfectly reliable? Of those who failed,
how many would have failed if the test had been perfectly reliable?




2) What is the distribution of true scores in the group of persons
who passed the test? What is the distribution of true scores in the
group of persons who failed the test? .

3) What is the decision-making efficiency of the test, as compared
with that of a perfectly reliable test?

The author maintains that the traditional reliability coefficient
and the standard error of measurement will not answer these questions
but that Lord's "Method 20" will. Method 20 assumes that the conditignal
distribution of observed scores, for persons with a given true score, is
a "compound Binomial distribution" (this assumption is less restrictive
than the assumption of a binomial distribution. :

It is noteworthy that for Livingston's data, sample size was 3,274
in which case the binomial and the compound binomial practically "con-

verge". ) ;t]
Lloyd, B. H. A comparison of methods of vertical equating. Pape
presented at the annual meeting of the National Council on
 Measurement in Education, San Francisco, 1979.

The purpose of this study was to explore a practical application of
the Rasch model to the vertical equating of levels of a mathematics
computatior test. Three aspects of the problem were considered:

1) the consistency of calibration of ability estimates on the same
test level for different levels of ability;

2) the adequacy of vertically equating adjacent test levels when
estimates of parameters are obtained from two groups of comparable
ability; and , . v

3) comparison of the results of equating directly two nonadjacent
test levels with the results of equating them by pairwise chaining
through:an intermediate level. The author thought that if the Rasch
model was appropriate for vertical equating of this test, the cali-
brations should be consistent in determining ability estimates for the
separate ability groups, and the equating of both adjacent and non- '
adjacent levels should be invariant with respect to groups.

The results from this study indicate that the use of latent trait
methods in verticah equating should be approached with extreme caution.
The author notes that this warning seems especially appropriate in the
vertical equating of achievement tests where by necessity the content
specifications of the test appreciably change with test level. She
raises a note of caution for those test developers assembling achieve- |
ment test item banks based on item calibration by latent trait methods.

Lord, F. M. An analysisnsf\the ve;bal scholastic aptitude test using
Birnbaum's three-parameter logistic model. Educational and Psycho-
logical Measurement, 1968, 28, 989-1020. - » -

Ly

The main purpose of this report is to point out;certain kinds of
information that are needed by anyone concerned with/mental testing and
to i1lustrate how such informatfon can be provided by Birnbaum's methods,
provided the underlying mathematical model is suitable for the data at
hand. Lord hopes to achieve this purpose by prf?enting the results




obtained for one test: the College Entrance Examination Board's Verbal
Scholastic Aptitude Test. The results represent a statistical analysis
of the answer sheets of a sample of 2, 862 examinees who took the test
on May 2, 1964.
The assumptions underlying Birnbaum's three-parameter logistic
model may be stated loosely as follows:
- 1) The test items have only one psychological dimension in common.
2) The test items are scored either "right" or wrong".

3) The probability that an examinee will answer a given item
correctly is a three-parameter logistic function of his verbal ability.
- Lord notes that one can hardly expect the model to hold exactly;
what is important is whether the model can provide trustworthy approxi-

mate answers to important practical questions.
It is noted that the results reported for the SAT are tentative and
are given for illustrative purposes only.

Lord, F. M. Do tests of the same length have the same standard errors
of measurement? Educational and Psychological Measurement, 1957,
17, 510-521.

Lord notes that from one point of view, tests of the same length
have the same standard errors of measurement. Several questions regarding
these standard errors are discussed in this paper and answers are given.

Lord, F. M. Estimating true-score distributions in psychological testing
(an empirical Bayes estimation problem). Psychometrika, 1969, 34,
259-299. |

The following problem is considered: Given that the frequency
distribution of the errors of measurement is known, determine or estimate
the distribution of true scores from the distribution of observed scores:
for a group of examinees. Typically this problem does Nhot have-a
unique solution. However, if the true-score distribution is "smooth,"
then:.any two smooth solutions to the problem will differ 1ittle from
each other. Methods for finding smooth solutions are developed:

a) for a population and

b) for a sample of examinees.

The results of a number of tryouts on actual test data are summarized.

This is the article about "Method 20" which Livingston refers to in

s '78 NCME paper.

Lord, F. M. A note on the normal ogive or logistic curve in item
analysis. Psychometrika, 1965, §Q,§%71-372. ' :
[o o

Lord notes that it is common to assume that the proportion of
correct answers to an item has a normal-ogive or logistic relationship
to the total test score. He shows that this is a mistaken and an
undesirable notion.

Lord, F. M. A significance test for the hypothesis that two variables
measure the same trait except for errors of measurement. Psychometrika,
1957, 22, 207-220.

<«
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Lord derives the likelihood-ratio significance test for the hypothe-
sis that after correction for attenuation two variables have a perfect
correlation in the population from which the sample is -drawn.

Macready, G. B. & Dayton, C. M. A two-stage conditional estimation
procedure for unrestricted latent class models. Paper presented
at the annual meeting of the American Educational Research Asso-
ciation, San Francisco, 1979.

The purpose of this paper was to describe a two stage conditional
estimation procedure which results in reasonable estimates of specific
models even though they may be non-identifiable. This procedure involves
the following stages: )

1) establishment of initial parameter estimates and

2) step-wise maximum 1ikelihood solutions for latent class prob-
abilities and classification errors with iteration of this process until
stable parameter estimates across successive iterations are obtained.

Macready, G. B. & Merwin, J. C. Homogeneity within item forms in
domain referenced testing. Educational and Psychdlogical Measure-
ment, 1973, 33, 351-360. ‘

This paper considers” the nature of the relationships among items
within item forms and how these relationships compare with an ideal case
for diagnostic tests in which if a person gets one item within an item
form right, then he should get all items within the item form correct.

The results suggest that, in 'most cases, item forms which generate
jtems of moderate difficulty can be used to obtain relatively homo-
geneous sets of items of equivalent difficulty for a defined population
of subjects. Such item forms provide sets of items superior to those
which would be expected if item difficulties alone were used to group
items into sets. This suggests that the means used in defining the
replacement-set structures by attempting to objectify the intuitive
categories ordinarily used by teachers in constructing diagnostic tests
is at least a reasonable first effort.

The results also suggest a basis for identification of item forms
which will generate homogeneous items of similar difficulty. Using this
information, it is possible to determine whether the breadth of an item
form is appropriate and if not, identify changes which will lead to an
item form of more useful breadth. ' .
McLarty, J. R. Multi-level item analysis. Paper presented at the

annual conference of the California Society of Educational Program
Auditors and Evaluators, San Francisco, 1979. '

The author notes that most educational data are multi-level; data
are collected from individuals (students, teachers, etc.) within groups
(classrooms, schools). Observed group effects may be the result of the
ways in which individuals are selected into the groups or of the effects
on individuals of the programs and processes which take place within the

»
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groups. Empirical {item analysis usually combined information from
students in multiple groups, resulting in reliability and validity
coefficients which combine between and within group relationships. This
paper presents an application of multi-level regression techniques to
‘{tem analysis using Biology test data for the U.S.A. from the IEA six-
subject survey. Statistical procedures for disaggregating between and
within group relationships are presented, and possible interpretations
of the results and implications for program evaluation are discussed.

_Marco, G. L., Peterson, N. W. & Stewart, E. E. A test of the adequacy
of curvilinear score equating models. Paper presented at the
Computerized Adaptive Testing Conference, Minneapolis, 1979.

' This study is the first part of a fuller study, the purpose of
which is to examine the adequacy of score equating models when certain
sample and test characteristics are systematically varied. The emphasis
in this part of the study. is on curvilinear models. The second part
focuses on linear models. This study is more comprehensive than pre-
vious studies of equating models in that it includes a greater variety
of equipercentile, linear and ICC models and investigates equatings
based on dissimilar samples as on random samples.

Results are presented in tables and figures. Following an explana-
tion of the tables and figures, salient features of the results are
discussed, some limitations on their interpretation are suggested and
several conclusions are presented. ’

Maxwell, A. E. The effect of correlated errors on estimates of reli-
ability coefficiepts. Educational and Psychological Measurement,
1968, 28, 803-811.

The procedure whereby the "reliability" coefficient of a test can
be derived by analysis of variance is reviewed. The assumptions under-
1ying the analysis of variance model are noted and it is shown that if
the error terms in the model are not independent then the estimate of
the T:;%;bility coefficient will be biased, and in most commonly occur-
ring es will be an overestimate.

Maxwell, A. E. Maximum 1ikelihood estimates of ftem parameters using
the logistic function. Psychometrika, 1959, 24, 221-227.°

The logistic function is proposed as an alternative to the integrated
normal function when!estimating parameters of test items. The logistic
curve {s described; an iterative method for finding maximum 1ikelihood
estimates of its parameters is given, and an example of its use is
presented.
~
Mehrens, W. A. & Ebel, R. L. Some comments on criterion-referenced and |
norm-referenced achievements tests. NCME measurement in education,
1979, 10, No. 1, 1-7. |

This paper is divided into two sections:
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1) the controversy and problems associated with defining tests
(i.e. criterion-referenced tests and norm-referenced tests); and
© 2) the problems associated with using tests ({.e. standardized
versus tailor-made achievement tests, uses for criterion-reference
interpretation, mastery testing, and uses for norm-reference interpre--

~tatfons).

The authors conclude that there is a place in educational measure-
ment for both norm-referenced and criterion-referenced test interpreta-
tions. The question, they state, is not which interpretation to use, but
when to use each. They stress that local tailor-made tests are desirable
supplements to external standardized tests, not superior alternatives.

Merz, W. R. & Rudner, L. M. Bias in testing: A presentation of
selected methods. Paper presented at the annual meeting of the
American Educational Research Association, Toronto, 1978.

Selected methods for examining the test performance of members of
identifiable groups for fairness were presented. Two sets of method- ‘
ologies were identified: one in which an intact test is administered to
members of different groups to provide data for selection; the other, in

~ which items from a pool are examined for systematic differentiation

among groups. The purpose of this paper was simply to describe the
methods. No attempt to evaluate them was made. '

Under the first condition of administering an intact test to
members of different groups, seven approaches to regression analysis
were reviewed. All seven attempt to predict from a selection or place-
ment instrument to a criterion of success. The first method, labeled
the regression model by Petersen & Novick defines a test as fair if
there are no consistent non-zero errors of prediction for members of
each subgroup of the population! The second method described by Thorn-
dike was called the constant ratio model by Petersen & Novick. A test
is fair if it identifies applicants for selection in such a way that the
ratio of the proportion selected to the prdportion successful is the
same in all subpopulations. A third approach was proposed by Einhorn &
Bass and labeled the equal risk model by Petersen and NovicR. It defines
a test as fair when all persons selected are predicted to b& above a
specific minimum point on the criterion with a specified degree of
confidence.The fourth method was proposed by Darlington and suggests a
model which would replace the concept of cultural fairness with another
which he labels cultural optimality; hence, it was called the culture
modified criterion approach by Petersen & Novick. Cole proposed a fifth
method labeled the conditional probability model by Petersen & Novick.
In this model, a test is regarded fair {if, given satisfactory criterion
performance, individuals have the same probability of selection regard-
less of group membership. The sixth model was proposed by Linn and
defines a test as fair if all applicants who are selected are guaranteed
ad equal, or fair, chance of being successful regardless of group member-
ship. This model was labeled the equal probability model by Petersen &
Novick. The seventh model to be reviewed was proposed by Gross & Su and
was labeled the threshold utility model by Petersen & Novick. It states
that a test is fair if an 1n91v1dua1 from a subpopulation is selected
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when his/her predicted score reaches a specific minimum point on the
criterion which has been modified in such a way that the expected
utility of the selection process is a maximum.

Under the second condition in which items from a pool are examined
for systematic differentiation among groups., six approaches were reviewed.
They were:

1) Analysis of variance;

Transform Item Difficulties;

Correlation approaches;

Factor Analytic Approaches;

Distractor Response Analysis;

Item Characteristic Curve Theory Approaches.

AN e&EWN

Merz, W. R. & Grossen, N. E. An empirical investigation of six
methods for examining test item bias. Report No. NIE-6-78-0067.
National Institute of Education, Washington, D. C.

The purpose of this investigation was to examine six approaches for
assessing test item bias. The methods employed were Transformed Item
Difficulty, Point Biserial Correlations, Chi-Square, Factor Analysis,
One Parameter Item Characteristic Curve and Three Parameter Item Character-
istic curve. Data sets for analysis were generated by a Monte Carlo
technique based on the three parameter model; thus four parameters were
controlled: total score distributions, item difficulties, item dis-
criminations and guessing. Only the difficulty parameter was biased.
Results indicated that Transformed Item Difficulty had highest correla-
tions with generated bias. The Three Parameter Item Characteristic
Curve and the One Parameter Item Characteristic Curve were next highest.
Factor Analysis then Chi-square followed next. Point Biserial correla-
tion functioned erratically. Results of the analysis are compared and
recommendations on the use of each method are presented. '

Meskauskas, J. A. Evaluation models for criterion-referenced testing:
Views regarding mastery and standard-setting. Review of Educational
Research, 1976, 46, 133-158. '

, The purpose of this paper is to investigate the mastery models
underpinning the techniques being proposed and to review the procedures
suggested for setting the pass-fail point.

Mastery models fall into two broad categories: e

1) Continuum models - mastery as an area on a continuum

2) State models - mastery as all or none. ' :

Characteristics common to continuum models are:

1) Mastery is viewed as a continuously-distributed ability or set
of abilities.

2) An area is identified at the upper end of this continuum, and
if an individual equals or exceeds the lower bound of this area, he is
termed a master. ]

3) The goal of measurement is to obtain information for the
purposestof educational decision-making, which explicitly follows the
classification decision.

[
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_ The author reviews Nedelsky's minimum pass level (MPL) method;
Ebel's method of passing score estimation; the Kr1ewa11 binomial- based
model;

Characteristics common to state models are:

1) Criterion-referenced test (CRT) true-score performance is
viewed as an all-or-nape dichotomous task.

2) The standard or cutting score that should be used 1n an error-
free situation is implied as part of the model. '

'3) Considerations of measurement error essentially always result
in the adoption of standards that demand less than the model seeks.

The author reviews Emricks' mastery testing evaluation model,
Roudabush's diehotomous true-score models.

Other models which may be considered mixed include Millman's
binomial-based decision model; the Davis and Diamound Bayesian method;
the work of Novick and collaborators.

This paper is organized around the views of various authors re-
garding the nature of mastery and the way 1t is acquired since differ--
ences ih conceptualization result in very different approaches to
evaluation. jo '

Meskauskas, J. A. Standard setting pro&edures for medical specialty
boards. Paper presented at the annual meeting of the American
Educational Research Association, Toronto, 1978. -

The purposes.of this paper are:

1) to describe the ways in which standard-setting procedures are
carried out in the medical specialty certification arena,

2) to briefly discuss some experiments which have been conducted
with alternatives to currently-used normative standards, and

3) to speculate on some of the reasons why these experiments have
had 1imited success.

The defensibility of normative as well as abso1ute standards is dis-
cussed.

Meskauskas' view is that the only philosophically defensible
standards are those which judge the adequacy of a performance solely on
the basis of how well an examinee deals with the content of the examina-
tion. (Since Jjudgment is needed to obtain these standards, to call them

"absolute" connotes too much -hence he uses the term "content- referencgd")

In summary, the experiences to date in this medical area do not
support a hope that one can successfully apply an existing model or

technique to this area. However, there {s a growing support for content-

referenced standards and unflagging philosophical support for the impor-
tance of the effort. It is belfeved that these circumstances, when

combined with a well-thought out research effort in the decision processes
of standard-setting, will undoubtedly lead to standards which are defensible

and supportable by all parties-decision-makers, public and candidates.

Millman, J. Criterionsreferenced measurement. Prepublication draft,
1974. . -

l
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The purpose of this monograph is to acquaint the reader with the
present state of the art of criterion-referenced measurement and to
suggest directions that further inquiry and the future literature might
take. '

" The monograph covers the following topics:
1) A concept of criterion-referenced tests
a) Traditional definitfon
b) A refined view including domain-referenced tests and
- differential assessment devices.
) the relation of test uses to desirable test character-
istics.
d) some other terminology for tests including content standard
tests, objective-based tests and mastery tests.
2) Domain-referenced tests

a) defining the item population including linguistically-

based schemes, item forms, facet analysis, amplified objectives,

dJomain size and the defining facets. .

b) generating and selecting test items.

c¢) establishing a passing standard

d) determining test length including classical binomial

model and a Bayesian model.

e) evaluating the domain definition and test including

reliability and validity.

-3) Differential assessment devices

a) criterion groups observed including choosing the criterion

variable, developing an item pool, selecting the specific

items, choosing procedures for -validation.

b) criterion groups unobserved. ;

4) Educational applications of domain-referenced tests
"a) needs assessment

b) 1individualized instruction including domain-referenced

tests, differential assessment devices.

c) program evaluation

d) teaching improvement and personnel evaluation.

C

Morgan, P., Kosecoff, J. Walker, L. and Keesling, J. W. It's the
metric that counts or criterion-referenced’ schizophrenia. Paper
presented at the annual meeting of the American Educational Research
Association, San Francisco, 1976.

: !
The purpose of this paper is to lend support to the view that

different decision purposes require Criterion-referenced tests (CRTs)

with different physical and theoretical properties and that-therefore,

CRTs must be evaluated in terms of the context in which they will be |

used. To do this, two situations in which CRTs are being used, the .

classroom resource and the program evaluation context, were considered

and a sample of criteria that have been used or are being used to :

evaluate CRTs were assigned weights appropriate to each context. Then,

28 commercially published CRTs were rated using each set of weights.

The dually-weighted set of fourteen criteria are: -
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1) Overlap of object1ves'acfbss grade levels
2) Grade level coverage .
3) Number of test forms
4) Special equipment needed for test administration
. 5a) Average time for administering a single test
5b) Average time for administering all tests
6) Machine/self-scoring
7) Score interpretation
8) Curriculum match
9; who can interpret scores
10) Formal field test ;
11) Stability/number of items per objective
12) Sensitivity to instruction
13) Subject area comprehensiveness
14) Availability of comparative informatioq. .

Each CRT was independently reviewed twice using the 14 criteria and
discrepancies were resolved by the reviewers. When sufficient informa-
tion could not be obtained-to rate a criterion,-a score of zero was
assigned. Review scores were computed as’ the proportion of possible
points earned by a CRT and separate scores for the two weighting systems
were reported for each CRT.

There is considerable variation in the scores each CRT earned using
the different weighting scales. When rated within the classroom
resou context, the highest percentage obtained was 80 percent, with a
Tow of rcent. Within the program evaluation context, the spread in
~ the range of* high and low percentages was quite similar,” being 83% and

43%, respectively. A tentative conclusion, based on a review of the
percentages earned by a CRT.in these two contexts, might be that in
trying to achieve both the classroom resource and program evaluation
functions, CRTs are, for the most part, only marginally fulfilling each
purpose. .
The findings of this study support the view that the same criteria
cannot’be used for-all purposes and that therefore, a CRT must be developed,
validated and evaluated in terms of the purpose for which it is intended.

Moy, M.L.Y. & Barcikowski, R. S. Item sampling: Optimal number of
people and items. The Journal of Experimental Education, 1974,
42, - . .

Using a computer-based Monte Carlo approach to generate item responses,
the results of this study indicate that, when item discrimination indices
are considered, item sampling procedures having the same number of
observations have different standard errors in estimating both test mean
and test variance. With certain types of tests, a single item sampling
plan would not ¥1e1d optimal, i.e., smallest standard error, estimates
of both u and o¢. That 1s, one sampling plan would be needed to op-
timally estimate u and another to optimally estimate o?. In addition,
it was found that single exhaustion of the item set wae‘SUff1c1ent for
estimating both u and o?.




Moyer, J. E. Alternative reliability indices. Unpublished paper.
Michigan Department of Education, 1979. '

In an effort to find the-a propriate re11ab111ty est1mates for -
criterion-referenced tests, M1chjgan Educational Assessment Program
. (MEAP) has utilized several methods, both traditional and new, to
document the relijability of its tests. The purpose of this paper is to
present the results of those efforts.

The first study compares -kappa and Kuder- R1chardson Formula 20 as
reliability estimates. The second study presents some preliminary
results of a test-retest reliability study which used kappa as one of
the correlation coefficients. In the third section, information is
presented comparing kappa, as an item discrimination 1ndex, to the
Brennan (B) index and phi.

The most important results of these attempts.to show the reli-
ability of the MEAP tests are:

1) kappa is dependent on variance ﬁgr its computation.

2) kappa and phi thave in almost the same fashion.

Moyer, J. E. & Fishbein, R. L. A comparison of Kuder-Richakd;on formula

20 and Kappa as estimates of the reliability of criterion-referenced
tests. Unpublished paper, Michigan Department of Education, 1979.

This paper attempted to provide some answers to the question: If
traditional and new methods were used with data obtained from admin-
istering criterion-referenced tests, would different decisions about the
reliability of those tests be made on the basis of the two reliability
estimates, Kuder-Richardson Formula 20 and Kappa?

The results of the ANOVA showed that the differences between the

an KR-20's for the three groups (parallel forms, KR-20, and Kappa)
were not found to be significant at the .05 level. Further results
showed that there was a difference of the mean kappas for the three
groups at the .05 level of significance.

The authors recommend that further research needs to be done using
the KR-20 coeff1§den computed across the items of two or more random]y
parallel tests and the kappa computed for those tests, in order to '
determine the relationship between KR-20 and Kappa. Also, the behavior
of KR-20 and Kappa under criterion- referenced test conditions needs to
be researched. -

Nitko, A. J. & Feldt, L. S. A note on the effect of item difficulty-
distributions on the sampling distribution of KR-20. American
Educational Research Journal, 1969, 6, 433-437.

To investigate the possibility of the effect of ‘the item difficulty .
distribution on the samp11ng distribution of KR-20, two extreme types of
distributions of ¢ 's were constructed:

1) a un1form distribution over the range ¢ , = .20(.05).8

. 2) a highly concentrated d1str1but1on in the ne1ghborhood of
¢; = .50 with the range ¢ .45(.05).6 . )




gevera]‘Monte Carlo experiments were conducted to examine the
effect of these item difficulty distributions on the sampling distri-
bution of KR-20. Ten distributions of KR-20 were obtained-two unden
each of five levels of population:reliability. -

Data suggests that the effect of these two extremes of item diffi-
culty distributions is minimal. Some of the small differences in per-
centiles which exist is attributed to sampling error dand to the fact
“that the popu]at1on<ie1iabilities were not precisely equal for the two
tests.

The authors contend that the data provide strong evidehce that the .
form of the distribution of item d1ff1cu1t1e§ has ]1tt1e effect on the
sampling d1str1but1on of KR-20.

Oosterhof, A. C. Stability of various item discrimination indices, .
Paper presented at the anrual meeting of the American Educational
Research Association, New Orleans, 1973.

This study was concerned with the degree to which various dis-
crimination indices remain invariant when the item with which they are
associated assumes membership within different.sets of items. The
normal procedure used in this tryout of items is to divide the total
sample of items into several test forms and administer each form to a
different group of subjects. One of the inherent assumpt1ons involved
in this procedure is that, as an item assumes membership within vary1ng

. sets of items, the respective parameters associated with the item remain
constant. If this assumption of stability is not true for a particular
index of discrimination, then the items selected for inclusion in the

final test form on the basis of such an index will be determined by the

chance combination of items with which the item was originally/associated,

and not necessarily by the discriminatory power intrinsic to Che item

were it to be included in the final form of the test instrument.

The item discrimination indices compared in this study“include
point biserial coefficients, biserial coefficients, phi coeff1c1ents,
estimates of tetrachoric coefficients, Gulliksen's item re11abi1ity,
Findley's difference index, Flanagan's approximation and Davis'" trans-
formation of the product-moment correlation coefficient. An ‘adaptation - |
of the point-biserial coefficient using Livingston's (1972) criterion- §
referenced app11cat1ons of classical test theory was obtained by sub-
stituting various criterien scores for the test mean.

The 50 item Verbal Reasoning subtest of the Differential Apt1tude
Tests was used as the source of items for this study and wds admin-
istered to 10th grade students in 11 school districts in ‘the state of
Kansas.

Data from the study indicate that as an 1tem is given membersh1p
within vay1ng sets of other items, Gulliksen's item reliability index
and Findley's difference index are the most stable of the 24 discrimina-
tion indices investigated with respect to the invariance character-
istics. A detailed discussion of the findings. is reported. R

1
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Osburm _H. G. The effect of item stratification on errors of
measurement. Educational and:Psychological Measurement, 1969,
29, 295-301. ~
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This paper shows that, in the case of matched item tests, the
reduction in erpors of measurement for tests constructed by stratified
sampling as comggred with tests constructed by random sampling from an
infinite population of items, is a simple function of the variance of
the difference between pairs of strata true scores. For unmatched item
« tests, the reduction in errors of measurement due to stratification is a
function of the variance (across strata) of the strata mean true ®¥tores
plus 'the variance of the difference between pairs of strata true scores.
’ These results predict that, in the case of matched item tests-the
largest reductions in eprors of measurement will result from strati-
fication on item content rather than item difficulty while for unmatched
item tests just the opposite is true. ‘ : N

Osburn, H. G. ,Itém sampling for achievemenf'testing. Educational
o and Psychological Measurement, 1968, 28, 95-104.

A This paper concerns the explicit definition of the universe of
content, and the stratified random samplNng of items from the universe
of content so defined. \ :

A universe defined test is a test constructed and administered in
such a way that an examinee's score on the\test provides an unbiased
estimate of his score on some explicitly defined universe of item
content. Two requirements for test constructjon are: ’

1) all items that could possibly appear in the test .should be
specified in advance, : ' .

2X_ the items in a particular test should be selected by random
sampling or stratified random sampling from the universe of content.

Osburn's approach to defining a universe of content is to analyze
the content area into a hierarchical arrangement of item forms and to
develop a program for a digital computer that would compose item sen-
tences given a suitable vocabulary and structural codes for the item
forms. -

An item form has the following characteristics:

1) it generates items with a fixed.syntatical structure,

2) it contains one or more variable elements,

"3) it defines a class of item sentences by specifying the replace-
ment sets for the variable elements. .
The principal advantage of item forms analysis is that it seems possible
to characterize the universe of content as an abstract system while
maintaining an unambiguous 1ink between the system and the actual items
that appear on any form of the test. ‘

Osburn's treatment of item forms analysis draws on the basi
features of Hively's approach with more .emphasis on the hierarchical
arrangement.of item forms into a generalized system. The method is the
reverse of Gagné's task anmalysis in that it proceeds from the general to
the specific with an emphasis on the abstract system rather than on
specific task elements. : :

a The author contends that the abstract system together with the item
generating prggram satisfies the properties of a universe defined test.

It is the author's stance that the mental test model that has been
so successful in aptitude testing is not appropriate for across the
board application to achievement testing. =

ERIC ' 15, "



Theoretical implications of a universe defined test included:

1) Reliability Theory: ’

In a .universe defined test, a particular test or item §%mp1e
becomes relatively unimportant and interest is focused on the universe
of content. Concern is not focused on a specific test but rather with.a
procedure for estimating an individual's true score on a universe of
content.

Classical mental test theory involving assumptions of test equiva-
lence has been divorced from test content and true score content has
been 1ittle more than a statistical fiction. The theory of generaliza-
bility (Cronbach et al) which assumes random or stratified random sampling
of test conditions as a starting point has linked reliability theory with
test content. Universe defined tests can be made to satisfy rigorously
the assumptions of generalizability theory and constitute a practicak_
means for implementation of the theory. In generalizability theory, the
concept of the universe true score becomes meaningful.

2) Validity Theory:

For a universe defined test, what the test is measuring js operation-
ally defined by the universe of content as embodied in the item generating
rules. It should be possible to keep separate the concept of what a
test is measuring from the concept of the extent to which the responses
of a person sample to the universe of content are related to their
responses to other classes of stimuli (construct validity, etc.). In
response to Ebel's (American Psychologist, 1961, 16, 640-647.) plea for
the operational definition of measurement procedures, Osburn suggests
that the most important requirement for the operational definition of a
test is the specification of the universe of content.

r 3) Item Analysis: ,

The author suggests that item analysis techniques be redefined if
we are to preserve the idea of random sampling from a specified universe
of content. Any decision to exclude items based upon item analysis data
must result in a redefinition of the universe of content®

4) Normative Data:

The percent correct score of a universe defined test is meaningful
(Ebel points out that to be meaningful, any test score must be related
to- test content as well as to scores of other examinees) because it is
related to test content. On most psychological tests, a percent correct
séore is meaningless because the universe of content is not completely
specified and random sampling is neglected.

5) Matched vs. Unmatched Data:

Matched-the same sample of items is administered to each subject in
the person sample.

Unmatched-the items are randomly sampled for each subject. If the
investigator is interested in the absolute score of an individual, it
does not matter whether or not data are matched or unmatched. If he

~ wants relative scores for individuals, matched data are required. If he

wishes to estimate the mean for a group of persons, and proposes to
generalize over persons and items, unmatched are preferred.

Patience, W. M. & Reckase, M. D. Operational characteristics of a
one-parameter tailored. testing procedure. Research report 79-2,
Tailored Testing Research Laboratory, University of Missouri,
Columbia, M0. 65211, , o -
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The primary objective of this investigation was to determine the
effects of varying the program parameters, stepsize arid acceptance
range, as well as the item pool attributes, size and shape, on ‘the bias
and standard error of the maximum likelihood ability estimates obtained
from tailored tests. Two main research questions were addressed.

First, what value of stepsize and acceptance range provided the least

bias and smallest standard error of ability estimates? Second, what

shape and size of item difficulty distribution provided the least bias -
and1s§andard error of ability estimates across the range of the latent

trait? '

Two programs, TREE1P and SIMIP, were used for investigating the
effects of program parameters and item pool attributes. Results suggested
that each of the variables played a role in affecting the magnitude of
statistical bias and standard error at various points along the ability
continuum. The results were prgsented as a guide for those involved in
setting up a tailored testing diocedure. Figures and tables are pro-.
vided to facilitate applications of tailored tésting procedures such
that a minimum of bias and standard error of ability estimates could be
attained.

» »>
Patience, W. M. & Reckase, M. ?’ Operational characteristics of a Rasch
model tailored testing procedure when program parameters and item
pool attributes are varied. Paper presented at’ the annual meeting
?f the National Council on Measurement in Education, San Francisco,
979. . -

S v
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The primary purpose of the’ research descrided in this paper was to
determine the operational characteristics of a one-parameter tailored
testing procedure when program parameters and item pool attributes were
varied. - ‘ )

Two FORTRAN programs were used for investigating effects of program
parameters and item pool atttibutes. The input variables for both
programs included: ‘ :

a) acceptance range, o

b) stepsize,

c¢) item pool size, ‘ .

: d) ditem difficulty values for the various sizes and shapes of item .
pools, . .

e) the true abilities for which an estimate was,to be made utilizing
the program parameters and item pool provided.

The results of this study were drawn from tables which summarized
the results of the TREEI1P and SIMIP programs. The tables are provided
in this paper: L

-

Plake, B. S. & Hoover, H. D. A methodology for identifying biased
achievement test items that removes the confounding in an item-by-
groups interaction due to possible group differences in instructional ) /]
level. Paper presented at the annual meeting.of the American
Educational Research Association, Toronto, 1978.’

The paper presents a method for identifying biased achievement test
items. One technique of screening a test for biased item is an analysis




of variance procedure. In studies using ANOVA procedures, the signifi-

~ cant items-by-groups interaction is considered to be a signal that

biased items may be present. ) C )

One reason for checking an achievement test for biased items is to
remove items that are systematically favoring one group of examinees ‘
differently than would be expected by initial achievement level.

The hypothesis of interest is: “there is no interaction between
items and groups." When a significant items by groups interaction is
found, a follow-up procedure is recommended to identify the items )
contributing to the items by group interaction. Plake & Hoover recommend
something called the Bonferroni follow-up procedure which is based on
the interaction contrast.

Poggio, J. P., Asmus, E. P. & Levy, J. .An investigation of responses
to omitted items under formula scoring instructions. Paper presented
at the annual meeting of the American Educational Research Association,
Toronto, 1978. : '

The study was designed as an empirical test of Frederic Lord's
hypothesis ('75) that responses to omitted test items obtained from
formula-scoring testing-are random guesses. Two hundred twenty-one
individuals participated in the study. Each participant was administered
a course pre-test on which they were told to respond only to items that
they felt they could make a knowledgeable response. Students were then
later given an opportunity to respond to those items they originally
omitted. Results of analyses on the omitted items found that: .

1) student responses to these items exceed that expected by chance;

2) that the rank ordering of items based on item difficulties
obtained from first attempt and second attempt responses remained
greatly intact; and ‘ ’ ‘ ,

3{ factor analyses of item intercorrelations among first attempt
and second attempt items resulted in assessment of a similar trait on
both measures. The pattern of findings that the authors have observed
fail to support the assumption that responses to omitted items are
random. This conclusion is justified only within the testing conditions
studied in this investigation. .

In presenting his position Lord states that students perhaps need
formal instruction in following test instructions. The authors found
that the item mean over those items first omitted was .332. Their
formula-scoring instructions encouraged students to respond only if one

. alternative could be omitted when judging each of the four alternatives

presented with each item. For the situation examined in this study, the
nature of such instruction should be to encourage students to attempt
jtems and not to discourage them. ‘

The authors examination of formula-scores and number-right scores
as predictors of course achievement found the number-right estimators as
superior. For the situation they studied they failed to find evidence
to support Lord's position that the number-right score is an inadmiss-
able estimator. T




Popham, W. J. Technical travails of developing criterion-referenced
tests. Paper presented at the annual meeting of the National
Council on MeasUrement in Education, Chicago, 1974.

The purpose of this paper was to recount the decisions, errors, and
insights made during the.l10X criterion-referenced test development
enterprise. Major problems encountered come under the following headings:

1) An optimal number of tests. The question of content or skill,
generality manifests itself in connection with determining how many
criterion-referenced tests to produce.

2) Choosing a domain. The following six considerations were used
in deciding on damains:

a) general acceptance to teachers, subject matter specialists,
the public; -
b) transferability within the domain;
c) transferability outside the domdin;
d) terminality;
e) amenability to instruction;
f) -ease of scorability.

3) Domain homogeneity. The author reports that his staff for the
10X project was unable to solve this problem.

4) Cost and conscience. The author doubts that a commercial or
nonprofit test development agency can engage in the development of truly
high quality criterion-referenced tests without substantial external
subsidies. ,

5) A technical wasteland. The author concludes that what is
needed is a well financed, governmentally-initiated project to expand
the present weak technological base for criterion-referenced measure-
ment.

Popp, J. A. Toward a quantitative estimate of internal validity. .Paper

presented at the annual meeting.of the American Educational Research
Association, Toronto, 1978.

The notion of internal validity is examined for purposes of estab-
1ishing a method of quantitatively estimating it. The logical problem
of identifying independent alternative hypotheses is considered as well
as their relative plausibility weighting. Finally, the question of
internal validity is viewed as being a form of Harmon's "inference to
the best explanation". :

The question of 1nterna] validity is taken to be: Did the treatment
make any difference or have any effect upon the criterion variable?
Internal validity is a matter of how well a particular instance of data
collection or generation can be described and explained. The author
states that within the confines of a single experiment, i.e., where
there is no concern for generalizability, the only rationally defensible
way of inferring "what happened" is the method described by Harman.

The reference to Harman is: G. H. Harman, The inference to the
best explanation, Philosophical Review, 1965, 74, 88-95.




Ramsay, J. 0. True score theory: A paradox. Educational and Psychological

Measurement, 1971, 31, 715-719.

In classical mental test theory, if there is no a pr10r1 reason for
accepting the statement, "there is no platonic true score," then it is
usually not unreasonab]e to define true score as the expected value of
observed score. Ramsay attempts to show that there are consequences of
this assumption.

Reliability is defined as p = ot /(o + oz) where o = o - ot

By using a fundamental theorem about var1ance and not1ng that E(xlt) = t,
the variance of observed score for a particular true score is limited.
In krder to see how different from zero this lower 1imit on reliability
may in practice, Ramsay proposes the beta distribution be uSed as a
model for-the distribution of true score.

The rgsult is a "realistic" lower bound on reliability as a function
of true scOre mean and variance. An.example is given which expresses
the lower bound on reliability as a function of true-score standard
deviation.

The author notes three ways out of this paradox:

1) Work only with scores transformed so as to distributed on an
infinite interval. This, he points out, seems to make the concept
of true score even more artificial than when it was defined to be the
expected observed score. '

2) Replace this assumption with some new ones. The danger here is
that the resulting test score theory will be stronger and contain even
more parameters than can be handled computationally and theoretically.

3) . Abandon the whole enterprise of describing test gcore behavior
out of a predictive context and rely on standard statistical methodology
to relate one test to another. The author notes that this is a radical
approach which few may favor. '

Reckase, M. D. A comparison of the one- and three-parameter logistic
models for item calibration. Paper presented at the annual meeting
of the Amer1can Educational Research Association, Toronto, 1978.

The author notes that there has been an ongoing debate concerning
the relative merits of the one- and three-parameter models, and that
most of the research used simulated test items. The purpose of this
paper was ta extend the comparison of these two models to real data with
reasonable sample sizes and to evaluate ‘the models on both theoretical
and practical grounds.

Five specific compar#rons were made:

a) the evaluation of the goodness of fit of each of the mode]s to
the item response data;

b) the determination of the,relationship between the ability
estimates and the item responses;

c) the determination of the predictive validity of the ability
estimates from the models in some 1imited cases;

d) the estimation of the minimum sample size required for each
model to calibrate tests;

¢




e) the determination ef the re]at1onsh1p between the ab1lity
estimates obtained from the” two models.

Sixteen data sets were used. The first eight were obtained from
the administration of the Missouri School & College Ability Test (MSCAT),
a standardized test, to groups of students throughout the state- of
Missouri. The second set was obtained fromfthe administration of four
classroom exams given to undergraduate students in a large measurement
course. (Eight simulated test data-sets were also produced; these were
generated to match various factor matrices using the usual linear factor
analysis model).

Summary of Results: \

' a)] the three-parameter model fit the test data better in all cases
than the one-parameter model and there was a trend. in the fit related to
the dimensionality of the test;

b) the one-parameter mode] ability estimates shared more variance
with the item responses than the three-parameter model;

c) there was no difference in the concurrent validity for small
samples using the two models predicting classroom achievement tests;

d) - the one-parameter model required smaller samples for cali-
bration than the three-parameter model;

‘e) the ability estimates from the two models correlated highly for
most of the data-sets.

The’one-parameter model was preferred for use with small sample
group data to predict outside criterion variables.

Reckase, M. D. Item pool construction for use with latent trait
models. Paper presented at the annual meeting of the American
Educational Research Association, San Francisco, 1979.

The purpose of this paper was to analyze six three-parameter logis~
tic 1inking techniques and one one-parameter logistic linking technique
to determine:

a) the sample size required to adequately link tests;

b) the number of overlapping items needed to link tests;

c) whether parameter estimate drift occurs when new tests are
linked to an existing pool;

d) which procedure was best for linking item parameter estimates
obtained from the three parameter logistic model.

The one-parameter 1inking did well regardless of the number of items in
common between tests if sample sizes of 300 or more were used. The
three-parameter 1inkings required a substantially larger sample size for
stable 1inkings. A sample of 1000 was recommended. No clearly superior
three-parameter 1inking procedure was found, although the major axis
method applied to LOGIST calibrations was less accurate than the others.
At the recommended 1000 sample size, the major axis ANCILLES method and
maximum-1ikelihood LOGIST method seem to give a good combination of
accuracy for estimation of the three-parameters. Al1 of these con-
clusions were determined based upon multivariate achievement test data.
If more unidimensional data were used, larger correlations would be
expected.




Reichman, S. L. & Oosterhof, A. C. Strategy guidelines for the
construction of mastery tests. Paper presented at the annual
meeting of the American Educational Research Association, San -
Francisco, 1976.

In this paper, the authors propose a comprehensive mode1 which
would facilitate the instructional designer or individual instructor in
concurrently constdering various components which affect the construc-
tion of criterion-referenced tests used to make pass/no-pass decisions
in regard to specified decision points. Components within the model
include the average response latency time associated with the specific
item format, the total amount of student time to be allocated to testing,
the number of items selected for determining pass/no-pass decisions on
each decision point, the number of mastery-status decisions made within
the course, and the probability for individuals performing at a speci-
fied. true domain score of being placed in the correct mastery state.

In order to demonstrate the empirical determination of probabili-
ties of correctly classifying individuals into mastery/non-mastery

. categories, a 56 item test covering a well-defined domain of science

information was administered to 1281 high school students. Baseline
probabilities were determined under various domain and test sizes, using
six different criterion levels in each case. Binomial expansions were’
then used to determine probabilities as test lengths were increased.

The data collected suggested that when a well-defined domain is
established, as the actual domain size was reduced the average proba-
bility of misclassifying individuals at specific domain levels remained
fairly consistent. Further, as the actual test size was reduced the
baseline probability of misclassifying an individyal at a given domain
level also remained fairly consistent, while the standard deviation
increased slightly. Increasing the criterion level resulted in an
increase in the probability of misclassifying individuals with domain
scores below that criterion level. .

Application of the model demonstrated how the designer or instructor
could manipulate components within the model in order to select the most
efficient combination of factors to meet present needs. It was also
demonstrated how this model could be used to make testing decisions for
specific types of students based upon estimates of student performance
with the content domain. The need for further research in the area of
other domains and various types of item formats was pointed out. Also
the need for further work in developing comprehensive models which
provide the designer or instructor with easy methods for concurrently
considering various test related components has. been identified.

Reid, J. B. A Monte Carlo comparison of phi and kappa as measures of
criterion-referenced reliability. Paper presented at the annual
meeting of the American Educational Research Association, Toronto,
1978.

The purpose of this study was to compare the values of phi and
kappa under several conditions of test score standard devfations,
g
¥

¥
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standard errors of measurement and cutting scores. It was hypothesized
that none of the conditions would produce differences in the marginal
proportions large enough to cause differences in the corresponding

values of phi and kappa.

A random sample generator was used to simulate test scores on a
test-retest paradigm under various conditdions of population score
standard deviation and standard error of measurement.

For each of the 270 sample simulations, the values for both phi an
kappa were calculated based on their respective 2 x 2 contingency table.
(One dimension was first tést score - master-nonmaster - and the other
was retest score). g ¢

Results - Of the 270 cases simulated, 30 phi-kappa pairs were
indeterminate. Of the remaining 240 cases, none showed differences in
the first decimal position. Approximately two percent had differences
in the second decimal position. About two-thirds of the cases were
different in the third and fourth decimal position. Reid concludes that
not only are the differences very small, but almost all of those that do
occur are of.1ittle practical importance. Hence, he suggests that since
phi is more widely known and is, in fact, a correlational procedure, the
use of kappa should be dropped in favor of phi.

Reid says the advocates of kappa argue:

1) There is potential restriction of variance in CRT's;

2) Therefore classical measurement procedures which rely on
variance are not appropriate;

3) as a result, a new index--kappa--is proposed. The implicit
assumption is that kappa will react differently to range restrictions
than more conventional indices such as phi.

Rentz, R. R. & Rentz, C. C. Does the Rasch model really work? A
discussion for practitioners. NCME measurement in education, 1979,
10, No. 2, 1-11.

/

In this paper, the authors have tried to synthesize the literature
related to applications of the Rasch model as it relates to test-develop-
ment activities. Based on their evaluation of the research literature
and their own experiences using the model, they believe that the test
developer can feel comfortable in using the Rasch model for constructing
tests. N
This paper is organized around the following stages in the test-
construction or test-development process:

1) defining the content of the test and writing the test items;

2) item analysis; and

3) calibrating the test.

For each stage the authors deal with the current state of knowledge as
they see it, offer some recommendations from the literature and their
own experience, point out areas where clarification is needed, and call
attention to areas of controversy.

Rippey, R. Probabilistic testing. Journal of Educational Measurement,
. 1968, 5, 211-215,
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A computer program was developed for scoring probgbilistic tests
and different tests were administered to different s of subjects on
four occasions. Automatic increases in reliability were not found.
Stereotypical student responses were observed. Non probabiTistic
multiple choice test scores correlated more highly with essay tests
scores than did the probabilistic items, suggesting that a probabilistic
scored item did indeed contain a different kind of information than did
the non-probabilistic scored items. This difference was probably due to
the fact that the probabilistic items contained information which was
related to how sure the student was of his knowledge.

Probabilistic tests ask students to assign weights indicating
preference or degree of belief for each of the options on a multiple
choice item which may or may not have unique correct response options.

Shuford, Albert & MasE;ng111 (Psychometrika, 1966, 31, 125-45) have

presented a theory of valid confidence testing incorporating the three
scoring functions: Logarithmic, Spherical and Euclidean. Rippey's
initial purpose was to test the assertion of Shuford, Albert & Massen-
gi1l that increases in reliability as a result of probabilistic adminis-
tration and scoring could be anticipated. Automatic increases in reli-
ability were not found.

Rudner, L. M. & Convey, J. J. An evaluation of select approaches
for biased item identification. Paper presented at the annual
meeting of the American Educational Research Association, Toronto,
1978.

The purpose of this study was to investigate the following four
approaches to biased item identification using common sets of actual
item response data: ‘

1) Transformed item difficulties, which examines the interaction
of items and groups;

2)  Chi-Square, which determines whether examinees of the same
ability level have the same probability of a correct response regardless
of cultural affiliation; ' .

3) Item characteristic curve theory (icc) in which differences 1in
the probabilities of a correct response given examinees of the same
underlying ability and in different culture groups are evaluated;

4) Factor Score in which item bias is investigated in terms of
loadings on biased test factors.

The investigation addressed two questions:

1) Do the four approaches provide identical classifications of
items as to their degree of aberrance when applied 'to item response data
corresponding to two culturally different populations?

2) Do the select approaches provide classifications of minimal
bias when applied to subsamples of a single population?

Method - The 1973 Stanford Achievement Test (Reading Comprehension
subtest), which item for item is deemed equivalent to the hearing
impaired version SAT Reading Comprehension Subtest, formed the item
pool.




Item responses made by large samples from two diverse culture
groups were used in the study..

1) Students in programs for the hearing impaired across the
U.S. - this culture group was divided randomly into two subgroups.

"~ 2) Students from a large west coast public school system. A major
difference between these two culture groups is their exposure to, and ‘
ability to use, the English language. .

The degree of bias for each item within the SAT was identified by
applying a select approach within the transformed item difficulties, icc
theory, factor score and chi-square categories to item responses made
by:

1) the two diverse culture group samples;

2) two equal culture group samples.

Results - There was some agreement in terms of the identified
degrees of aberrance between

1) the transformed item difficulties and chi-square (magnitude)
approaches; '

2) the icc theory and chi-square gmagn1tude) approaches; One minus
the probabilities associated with the x* and the factor score approach
showed 1ittle agreement with any of the other methodologies.

Rudner, L. M., Getson, P. R. & Knight, D. L. The effect of various test
and item properties on five approaches to biased, item detection.
Paper presented at the annual meeting of the National Council on
Measurement in Education, San Francisco, 1979.

The authors note that the use of certain diagnostic and achievement
tests has been viewed recently as contradictory to a basic civil right -
the fair treatment of individuals regardless of race, sex, religion or
national origin. By identifying and removing biased items in test
development, the authors telieve that this right can be upheld. Various
item bias detection models have been proposed; however, their behavior
in practical applications has not been fully evaluated. By using Monte
Carlo generated item response data, this research determined the effective-
ness, sufficiency and similarity of select biaged item detection tech-
niques. Experimental variables included:

1) different proportions of bias for items in the item pool

2) different types of generated item bias
‘ 3) different test lengths. ; &

As a result of this research, recommendatfons are made regarding situa-
tions for which each approach is most apprgpriate.

In conclusion, three of the five investigated techniques--item
characteristic curve theory, chi-square with 5 intervals, and trans-
formed item difficulties--produced fairly accurate estimates of the
generated amounts of item bias. None of the techniques were found to be
ideal. The item characteristic curve theory technique depends on the
attainment of accurate parameter estimates, the chi-square techniqué
depends on crude interval estimates of ability, and the transformed item
difficulties technique is insensitive to bias in item discrimination.

Samejima, F. Constant information model: A new, promising item
characteristic function. Research report 79-1. Personnel and
Training Research Programs, Psychological Sciences Division, Office
of Naval Research, February, 1979.

/
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The author notes that the method® and approaches thus far introduced

for estimating the operating/characteristics of item response categories -

require the 01d Test, or a set of items, whose operating characteristics
are known. Te=generalize these methods to apply for the situation where
one Starts to develop a new item pool, i.e., there is no "0ld Test," -an
approach is made by assuming that the tentative item pool has .a sub-
stantial number of equivalent items, even though their common item
characteristic function is not known yet. It is observed that, within

- the type of item characteristic function which is strictly increasing in
the latent trait 8 with zero and unity as its two asymptotes, the area
under the square root of the item information function is a constant
value, m. The item characteristic function which provides a constant
item information is searched and discovered, and is named the consé@nt
information model. Using this model, it {s observed that the subset of
equivalent binary items can berused as a substitute for the 01d Test,
and those methods and approaches are generalized in the present situa-
tion. It is discovered that-for once, items with low discrimination
power have a significant role. ’

Shaycoft, M. F. A parado; in setting cutting scores on cr1térioﬁ-
referenced tests. Paper presented at the annual meeting of the
American Educational Research Association, San Francosco, 1976.

Three questions are considered:

1) Should the cutting point on the test correspond exactly to the
standard set for mastery of the entire domain?

2) If not, should the cutting point be set at the same level for
everybody (e,g. for students who have and have not taken a course or
. studied a module)?

3) If the cutting point is not to be set to correspond exactly to
the established standard of mastery, where should it be set, and why?

The binomial distribution provides the basic mathematical model. In
the case of multiple choice tests, it is assumed that a binomfal distri-
bution governs the probability that an individual will gué®s a specified
number of items correctly, from among all those to which he Hoesn't know
the answer.

No empirical data were used; it was based entirely on theoretical
formulas. Qne table presents the precentage distribution of classifi-
cation categories, at various stages with both completion and multiple
choice tests and various cutting scores. Another table presents the
relative amount of misclassification at various stages with various
cutting scores.

Results and Conclusions

The optimul cutting point does not generally coincide with the
standard set for mastery of the domain. The more competent the group as
a whole, the lower the cutting score may be set. These somewhat para-
doxical results apply even when the test is of the completion type. SO
that chance success is not an important factor.

It is noted that to minimize misclassification, the cutting score
should be set higher when the test is administered before instruction




than when it is administered after instruction. One practical impli-
cation is that when requirements are met by examination only, as a
substitute for course attendance plus examination, perhaps it is de-
sirable.to set the passing mark somewhat higher. ’ _ -

Shelley, M. F. & Van Mondrans, A. P. The statistical equivalence of (
items generated from same item form. Paper presented at'the annual
meeting of the National Council on Measurement in Education, Toronto, .
1978. " : -

The multiple-choice test items used in this study werejcomputer
_generated from a simple item form by selecting one corréct answer and
— several incorrect options for each item stem. The results of this study
‘ suggest that the utility of generating items by randomly selecting

options for a given stem is questionable from a practical as well as a

measurement point of view. For example, about 32% more students answered

one item stem correctly, when the best distractor was randomly omitted.

The data also indicate that the sequence of multiple-choice options has

little if any effect on the item statistics. g :

The authors mention three general techniques of igemégeneration:

1) stores an item skeleton or algorithm and uses,random techniques

to generate complete items. : ‘ ‘ ' '

2) generates multiple choice questions by selecting from a list of

candidates one correct answer and several distractors for a fixed item

stem. : - : )

3)" varies only the sequence of options for a multiple choice item.

) ‘ In this study, the computer-generated items were only multiple
choice items. The computer selected one correct answer and several
incorrect options for each item stem. g ’ ‘

. : The results of this study suggest that it may not be desirable to

I- generate multiple-choice items by randomly ordering the options and/or
randomly selecting options from a set of candidates. Randomly ordering
the same set of options had no discernible effect on the item statis-

’ tics, did not enlarge the effective size of the item pool, and probably
would not be challenging more than once for the same student. Also more
computer time is required to randomly sequence options than to randomly
order complete items. , :

This study suggests that the utility of generating items by randomly
selecting options for a given stem is questionable on the basis of
measurement characteristics, computer programming time, conmputer exe-
cution time, and item writing time.

None of these results apply to completion items.

Shoemaker, D. M. Standard errors of estimate in item-examinee sampling
. " as a function of test reliability, variation in item difficulty
: " jndices and degree of skewness in the normagive distribution.
Educational and Psychological Measurement, 1972, 32, 705-714.

Some procedural gdide]iqes are available to aid the researcher in
determining the most approprlQés number of subtests, number of items
per subtest, and number of examfnees per subtest. Conspicuous by its

an * . ¢
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absence in'a series of 1nvest1gat1ons was a systematic examination of
the effect on standard errors of estimate due to variations in test-
reliability. The investigation described in this article was primarily
des1gned to remedy this situation. Additional parameters considered
were the variance of item difficulty indices cb and degree of skewness -

in the normative distrifution. The parameters estimated were the mean

_test score u and the st Qdard deviation of test scores o. .

_ -Shoemaker, J. A study'of minimum competency testing programs. National
Institute\of Education, Office of Testing, Assessment and Evaluation,
1978. Y

_ The purpose of this study is to assess, inform and evaluate - not
to-advocate - with the goal of providing an open, objective and fair,
descript1on of the m1n1mum competency testing movement. There are two
phases of the study. The purpose of Phase I is to collect and dis-
seminate information about minimum competency testing programs. The
chief purpose of Phase II will be to implement an evaluation of minimum
competency testing programs.

The design of Phase I ﬂnc1udes

1) developing program descriptions;

2) developing program typology;

3) producing program resource guides;

4) designing an evaluation plan.

The design of Phase IL includes plans to involve a sample of state
and local minimum competency testing programs. The goal will be to

) assess the representative impact of these programs in a way that will

provide needed information about the results of minimum competency
efforts. The evaluation will be conducted over a three-year period. It
is believed that the outcomes of the study will be valuable to all
educational decision-makers who must confront policy issues related to
minimum competency testing.

“

Shoemaker, D. M. & Osburn, H. G. A simulation model for achievement
testing. Educational and Psychological Measurement, 1970, 30,
267-272.

_ A model was developed by the authors that simulates the adminis-
tration of a single test item to a single examinee. The result is a
simulation model of great flexibility for the sampling of both items and
individuals.

To obtain type-12 sampling (Lord, F. M. Psychometrika, 1955, 20,
193-200) (random items, subjects & occas1ons) three features were simu-
lated by the model. .

1) The test items: a set of k items must be selected from an item
population. Each item must have a difficulty 1eve1 and a content
reference.

2) The examinee: a person with a spec1f1ed ability level must be
randomly selected from a population of people in which the ability under
consideration is norma]]y distributed.

» 3) Testing of examinees over items: does the invidual pass or
fail each item in the test? e




" The model assumes a normally distributed standardized latent
. ability continuum. The probab111ty of an examinee answering an 1tem
correctly is a normal ogive function of his ability level.

The authors employed their simulation model to empirically study
certain estimators, the gamma and gamma -stratified coefficients, of test
reljability. .

///;huford E. H. Jr., Albert, A. & Massengill, H. E. Adm1ss1b1e d&obab111ty

measurement procedures, Psychometrika, 1966, 31, 125-145.

§

The authors note that admissible probability measurement procedures
utilize scoring systems with a very special property that guarantees
that any student, at whatever level of knowledge or skill, can maximize
his expected score if and only if he honestly reflects his degree-of-
belief probgbilities. Section 1 introduces the notion of a scoring
system with the reproducing property and derives the ngcessary and
sufficient condition for the case of a test item with just two possible
answers. A method is given for generating a virtually inexhaustible
number of scoring systems both symmetric and asymmetric, with the
reproducing property. A negative result concerning the existence of a
certain sub-class of reproducing scoring systems for the case of more
than two possible answers is obtained. Whereas Section 1 of this paper
is concerned with those instances in which the possible answers to a
query are stated in the test itself, Sectjon 2 is concerned with those
instances in which the student himself must provide the possible answer(s).
In this case, it is shown that a certain minor modification of a scoring
system with the reproducing property yields the desired adm1ss1b1e
probab111ty measurement procedure.

Sirotnik, K. An analysis of var1ance framework for matrix sampling.
Edugational and Psychological Measurement, 1970, 30, 891-908.

ollowing a brief discussion of the methodology of matrix sampling,
this paper attempts to demonstrate the following points: '
) Matrix samp11ng can be viewed as a simple two factor, random '
model analysis of variance design, the matrix samp11ng formulas for
estimating the mean and variance being simply the point estimate
formulas for estimating components of the underlying 1inear model.

2) These formulas can be based on the weakest poss1b1e set of
assumptions,viz., random and independent sampling of examinees and
items. No assumptions about the statistical nature of the data need be
made.

3) The literature is unclear with respect to the effect of the
above sampling assumptions on multiple matrix sampling in the estimation
of the mean 3Ad especially ‘the variance.

4) Of fhe three alternative procedures suggested to deal with
negative va estimates in multiple matrix sampling-equating the
negative esttimates to zero, Winsorizing the distribution of estimates,
or treating all estimates alike regardless of sign-the third procedure
appears to be the most promising. A simulation study is necessary to
determine the shape of‘ths small sampling distribution of variance

!
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components for matrix sampling as well as the relative efficiency of the
three methods for handling negative estimates. :

Sirotnik, K. Estimates of coefficient alpha for finite populations
of items. Educational and Psycholodical Measurement, 1972, 32,
129-136. '

This paper attempts to investigate implications for finite and
known item populations of classical test theory and the alpha coeffi-
cient among items in paper-and-pencil testing. Finite sampling formulas
for o are derived and conceptual problems relating to the treatment of
the examinee<sitem populations are discussed.

The following was shown:

1) An exact estimate of a is possible only in the infinite case;
the estimate of o in the infinite case is bounded below and above:

2) If error of measurement variance is conceptualized only as
examinee-item response variability, it can not be exactly estimated in
either the finite or infinite case. It can be overestimated by MSEI.

3)" If error of measurement variance is conceptualized as a residual
variance obtained by pooling grror and interaction cqmponents, it can be:
exactly estimated only in the infinite case by MSEI' The exact estimate

of error of measurement variance. conceptualized in this way in the .
finite case is bounded below and above by (1 - (m/M)MS., and MS_. respec-
tively. EI EI _

Sirotnik, K. & Wellington, R. Scrambling content in achievement testing:
_An application of multiple matrix sampling in experimental design.
Journal of Educational Measurement, 1974, 11, 179-188,

This study is designed,to research the question of scrambling item
content in the construction of achievement tests, in order that general
implications could be drawn for both examinee and item populations. To
achieve this generality, the methodology of multiple matrix sampling was
combined with a simple two-group experimental design: a random group of
eighth graders responded to mathematics, science, social studies, reading
and language arts achievement items organized in a scrambled (random)
test format, while .another random group responded to the same items
organized in a fixed (segregated by subject matter) test format. The
results indicate that scrambling cognitive test items has minimal or no
- effect on mean examinee test performance or on any of the other para-
meters included in the analysis.

Skager, R. N. The great criterion-referenced test myth. CSE Report
© No. 95, Los Angeles: Center for the Study of Evaluation, 1978.

In this paper, Skager reviews the history of criterion-referenced
'mqgéurement which began when Glaser separated tests into those that are
norm-referenced (NRT? and those that are criterion-referenced (CRT) as a
way of emphasizing the distipction between scores that can be inter-
preted in terms of what a person actually can do vs. how well-a person

41
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does compared to other people. The author emphasizes that it is the
interpertation of tests and the way in which test content is specified
and not the test itself which can be criterion- or norm-referenced.
Skager notes that whether or not the test measures an open. or a
specified content domain is a direct function of the ways in which their
content domains are specified. Taking the function for which the test.
. is to be used as the primary dimensidn, the author says .that it turns
out that certain content specification modes are more appropriate for
certain functions than others and that particular types of score inter-
pretations go with particular function/specification mode combjnations'

He then attempts to show how this is the case, 1imiting the discugsion
to the use of educational tests in the evaluation of learners and not in
the evaluation of the.conditions under which learning occurs. The two
groups of functions for tests in the evaluation of learners which are
referred to as "formative" ggg_"summative" after Bloom, Hastings and
Madaus '71 are explained. y ’

Modes for specifying test content which fall into the following
five categories are discussed: . .

a) the content/process matrix;

+b) the theoretical construct; o ¢ -
cg criteridn sampling; v ' y
d) objectives based; .

L d

e) - formal item generation rules. ,
_Three types of scoring interpretations which involve referencing an
examinee's test performance to g
) a) a content domain;
b; a criterion or standard;
¢) relative positign in some defined reference population of ~
persons are discussed.
" This paper makes the point that not one type of test is solely. .
. criterjon-referenced as compared to another type of test that is solely -
norm-referenced. The really important differentiating factors have to
Ydo with the function for which the test is to be used and the mode by
which the test content is to be specified. Once this distinction is
madé, criterion- vs. norm-referencing becomes a matter of the type of
- score interpretation which is likely to be more useful. In many situa-
tions, both types of interpretations are likely to be useful;, regardless
of the mode of content specification.

Smith, D. U. The effects of various item selection methods on the -
classification accuracy and classification consistency of criterion-
_ referenced instruments. ' Paper presented at the annual meeting of
the American Educational Research Association, Toronto, 1978.
. - This.§tudy examined the effects of certain item selection methods
on the.classification accuracy and classification consistency of criterion-
rz?erenced instruments. Three item response data sets, representing
v rying‘situations of instructional effectiveness, were simulated. Five
methods of item selection were. then applied to each data set for the
purpose of selecting a best subset of items. These were:
1) RPB,- point biserial correlation between the dichotomous item
- response, (pass, fail) and the total test score.

-
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-

2) CV - the difference between the posttest and pre-test proportion
of examinees answering the item correctly.

3) BR - the difference between the proportion of examinees in thg
mastery group and the nonmastery group passing the item.

4) PHI - the phi coefficient computed between the dichotomous-item
response versus mastery/nonmastery status on the total test. \

5) RDM - a_random selection of the items.

Parallel forms of an instrument were then constructed and two
measures of test quality obtained: the proportion of correct classi-

y fications (for classification accuracy) and a mean split-half coeffi-
" cient of agreement, coefficient beta, (for classification consistency).
, A Kruskal-Wallis one-way anova of ranked data was performed on the
proportion of correct classifications for each of the five methods of
“{tem selection. Patrwise comparisons were then performed on the mean
rankings for each of the five selection methods. A similar approach to
the analysis of classification consistency was taken.

Results indicated that methods yielding the best accuracy and
consistency varied across the situations of instructional effectiveness. -

Results of the analysis of classification accuracy and classifi-
cation consistency revealed that no single method of item selection
resulted in instruments which were censistently superior to other
methods in correctly classifying examinees when instructional effective-
ness was varied.

Overall, the findings reported in this paper suggest that the
classification accuracy and classification consistency of CR assessment
instruments can be improved through the use of item selection methods.
When a "fair amount" of variability is present in the distribution of
test scores, the RPB method was superior to the other methods. However,
in true mastery-learning situations, the CV method of item selection is
recommended. Finally, in those situations where instruction is rela-
tively ineffective, the BR and PHI methods tended to yield the best
instruments. o '

Stalli . M. & Gillmore, G. M. A note on "accuracy" and "precision."
Journa Educational Measurement, 1971, 8, 127-129. S

) In the literature of engineering and "hard" sciences, the term
‘precision shares a common core meaning with reliability as used by
behavioral scientists. Accuracy and validity have a similar semantic
overlap.

v In educational and psychological measurement, there is an inter-
changeable usage of accuracy and precision in defining reliability.

The authors of this paper advocate the use of precision, rather
than accuracy, in describing reliability.

Subkoviak, M. J. Empirical investigation of procedures for estimating
reliability for mastery tests. Draft of paper submitted for
publication. .

Four different procedures (Huynh, '76; Marshall & Haertel, '76;
Subkoviak, '76; Swaminanthan, Hambleton and Algina, '74) have been
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proposed for estimating the proportion of persons consistently classi-
fied as master/master or nonmaster/nonmaster on two mastery tests.
Estimates of this proportion were obtained for repeated samples of size
N=30 for each of the above procedures. The estimates were then compared
for accuracy to the‘value of this proportion in the population on N=1586
subjects from which the samples were drawn. Both test length and
mastery criterion were varied. While reasonably accurate estimates were
generally obtained for all four procedures, instances of system?t1c
estimation bias were observed.

A11 four procedures (Huynh, '76; Marshall & Haertel, '76; Subkov1ak
'76' Swaminathan et al., '74) appear to provide reasonably accurate
estimates of the proport1on of consistent classifications on two mastery
tests, for the various cases considered. However, relative advantages
and disadvantages can be noted.. The Swaminathan procedure produces

.unbiased estimates; but it requires two testings and _standard errors are

relatively large for classroom size samples. On the “other hand, the
Hyynh, Marshall-Haertel, and Subkoviak approaches require only one
testing; and standard errors of estimate are relatively small; but for
short tests, each procedure appears prone to a different type of syste-
matic bias. A1l things considered, the Huynh approach seems worthy of
recommendation. It is mathematically sound, requires only. one testing
and produced reasonably accurate estimates, which appear to be slightly
conservative for short tests.

Subkoviak, M. J. Estimating reliability from a single administration
of a mastery test. Journal of Educational Measurement, 1976, 13,
265-276.

1}

The author points out that a number of different reliability
coefficiants recently have been proposed for tests used to differentiate
between groups such as masters and non-masters. One promising index is
the proportion of students in a class that are consistently assigned to
the same mastery group across two testings. The present paper proposes
a single test administration method for estimating this index. This is
achieved by substituting assumptions for the second test adm1n1strat10n.
These assumptions are:

1) parallel test scores X1 and X1 are independently d1str1buted'as

2) 1identical binomial distributions for a fixed person i.

Subkoviak, M. J. The reliability of mastery ciassifﬁcation decisions.
University of Wisconsin unpublished paper, 1979.

The author notes that Hambleton, Swaminathan, Algina and Coulson
distinguish three different concepts of reliability that arise in the
context of criterion-referenced testing:

a) vreliability of mastery classification decisions;

b) reliability of criterion-referenced test scores;

c) reliability of domain score estimates.

This paper focusses on the first of these three types of reliability.

’
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Specifically, the paper is concerned with approaches to criterion-
referenced reliability that emphasize the consistency of mastery and
non-mastery decisions over repeated testing of the same group.

Four methods of estimating reliability of mastery classification
decision are outlined: ‘ )

1) Carver method;

2) Swaminathan-Hambleton-Algina method;

3) Huynh method;

4) Subkoviak method.
A comparative analysis of the four reliability methods providing some
insight into the various strengths and weaknesses of the procedures is
presented.

The reliability of mastery classffications versus the reliability
of mastery test scores is also discussed.

A\ 3

Subkoviak, M. J. & Wilcox, R. R. Estimating the probability of correct
classification in mastery testing. Paper presented at the annual
meeting of the American Educational Research Associaton, Toronto,
1978.

A procedure is proposed for estimating the proportion of persons in
a group that are correctly classified on a mastery test, i.e., the
proportion whose observed classification agrees with their true classifi-
cation. A numerical example is provided, and expansions of the pro-
cedure are discussed.

Following Keats and Lord (1962), the true score for an individual
is defined as the mean of an individual's observed proportion correct
scores over repeated parallel tests and is assumed to have as distri-
bution for the population of examinees some member of the Beta éeggly of<
distributions. For predetermined mastery criterion expressed as™“the N
number of items correct on a fixed length mastery test, a procedure is
proposed for estimating the proportion of persons in a group that are
correctly classified as master and nonmaster, i.e. the proportion whose

observed classification agrees with their true classification. This is

the probability of correctly classifying any given individual in the
group. It is suggested that this probability would tend to increase as
the density.of true scores about the mastery criterion decrease and as
the number of items on the test increases. A numerical example is given
and an extension to classification of three or more levels of mastery is
discussed. 4

Swaminathan, H. & Gifford, J. A. Estimation of parameters in the three-
parameter latent trait model. Paper presented at an AERA-NCME sym
posium entitled "Explorations of Latent Trait Models as a Means of
Solving Practical Measurement Problems", San Francisco, 1979.

L )
The purpose of this study was to compare two methods for estimation
of parameters in the three-parameter logistic model, the Urry method of
estimation and the maximum likelihood procedure. The computer programs

“that were used were the ANCILLES and the LOGIST. The efficiency of the

¢

2
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procedures were compared with respect to the accuracy of estimation, the
effect of violating underlying assumptions (for the Urry procedure), and
the statistical properties of the estimators. The factors that were
controlled were: test length (4 levels), examinee population size (3
levels) and ability distribution ( 3 levels).

The results indicate that, in general, the maximum likelihood
procedure is.superior to the Urry procedure with respect to the esti-
mation of all item and ability parameters.

The number of examinees had a slight effect in improving the
accuracy of estimation of the difficulty, and the chance-level and
ability parameters. However, increasing the number of items and the
number of examinees considerably improved the accuracy of the discrimi-
nation estimates with both procedures. ' '

Although the maximum 1ikelihood est1mates were superior to the Urry
estimates, especially in the case of short tests, the difference between
them was negligible when the number of items and the number of examinees
increased. This is of importance, since the Urry procedure requires
considerably less computer time than the maximum 1ikelihood procedure.
However, the Urry procedure, in general, deletes more items and examinees
during the estimation than the maximum 1ikelihood procedure. This may
explain the rapidity of convergence and indicate a weakness in the Urry
procedure.

The bias and consistency results indicate that for small numbers of
items, the estimates of the item and ability parameters are biased, with
the Urry estimates being more biased than the maximum 1ikelihood esti-
mates. As the number of examinees and the number of items increase, it
appears that the estimators are unbiased, and in fact, are consistent.
This in a sense supports a conjecture of Lord's and shows that the
three-parameter model may be statistically viable.

Swaminathan, H. Hambleton, R. K. & Algina, J. A Bayesian decision-
theoretic procedure for use with criterion-referenced tests. Journal
of Educational Measurement, 1975, 12, 87-98.

The authors present an exposition of a decision-theoretic solution
to the problem of allocating individuals to mastery states on the
objectives included in a criterion-referenced test. Decisions are made
by taking into account prior and collateral information on the examinees
and also the losses associated with misclassifications.

Swaminathan, H., Hambleton, R. K. & Algina, J. Reliability of criterion-
referenced tests: A decision-theoretic formulation. Journal of
Educational Measurement, 1974, 11, 263-267.

The purpose of this article was to describe a decision-theoretic
formulatipn of criterion-referenced test reliability. It has been
suggested \that the primary purpose of criterion-referenced testing in
objective-based instructional programs is to classify examinees into
mastery states (masters or non-masters) on the objectives included in
the test. The authors define the reliability of CR test scores in terms
of consistency of the decision-making process across repeated adminis-
trations of the test. Specifically, reliability of a CR test is defined
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as a meagure of‘agreement above chance expectation between the decisions
made about examinee mastery states in repeated test administrations for
each objective measured by the criterion-referenced test.

ICoefficient Kappa (k) takes into account the measure of agreement
expected by chance alone. k = (p - P, Yl - P ) where Po s the ob-

served proportion of agreement and Pc 1s the expected propOrtion of S

agreement. k.has an upper l1imit of +1 and lower limit of close to -1.
Since we usually have only a sample of examinees, k must be estimated.
kK is defined as the sample analogue of k = (po-pc)[(1-pc)

The authors conclude that the coefficient of agreement k and hence
the reliability of CR subtests is dependent on factors that affect the
decision process. These factors include:

1) the method of assigning examinees to mastery states,

2) selection of the cutting score,

3) test length,

4) heterogeneity of the group.

The authors state that decision-making consistency is a measure of
the reliability of the entire decision-making process, and that the test
itself is only one input into the decision-making process. In gen-
eralizing reliability data to a new decision-making situation, all
factors that affect the process must be considered.

Swinton, S. S. On the reliability of item c]usters; Paper presented
- at the National Council on Measurement in Education, San Francisco,
1979.

A result of Henrysson is used to obtain more accurate estimation of
reliability than is offered by the commonly used KR-20 approximation.
Applying this result to examples and to data from a statewide assessment
program reveals that the KR-20 formula may and frequently does seriously
underestimate these reliabilities. Implications for interpretation of
criterion-referenced tests and for the relationships of single-item
reliability estimates to test reliability estimates are discussed.

Tatsuoka, K. Final report: Analytical test theory model for time
and score. CERL Report E-8, Computer-based Education Research
Laboratory, University of I1linois, Urbana, I1linois, July, 1979.

The purpose of this study was to find a way to utilize response-
time data in the scoring procedure of achievement testing. The empirical
study of adaptive diagnostic testing and a computerized instructional
system revealed that the differences in type of information-processing
skill developed by different instructional backgrounds affect the
learning of further instructional materials to a great extent. The
author urges us to tap what information-processing strategy was used to
respond to a given problem, not only considering-individual differences
- in ability or achievement level, derived solely from the performance
scores. It was seen that there were response patterns which yielded the
same achievement level @ but the answers were obtained by two different
approaches. If these individual differences in information-procéssing
skills would not be detected on a diagnostic test, then a proactive
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inhibition effect will cause a serious learning deficiency, even for
many good students, upon studying further instructional materials.

A model useful in identifying discriminating items that are sen-
sitive to differences in instructional method was developed. .It also is
helpful in identifying an individuals'’ 1nstruct10na1 background to a
certain extent.

A method that estimates 8 by regressing 6 onto test-items was
developed and compared with 8 estimates by the maximum 1ikelihood
method. The new method provided as good @ as the traditionally
established method did. This method is powerful when the number of
subjects and test-items available are small. Also estimates are always
obtainable and moreover free from a choice of ordering test-items.

Tatsuoka, K. The least-squares estimation of latent trait variables
by a Hilbert space approach. Computer-based Education Research
Laboratory Report E-4, February, 1979. :

- This research developed a new method for estimating a given latent
trait variable 8 by the least-squares approach. The notion of multiple
regression equation was reinterpreted in terms of properties of a
Hilbert space and the calculation formula for beta weights that can be
obtained recursively in the form of Fourier series was derived. The 6
values estimated by this method and the maximum -1ikelihood method were
compared using live data.

Tatsuoka, K., & Birenbaum, M. The danger of relying solely on diagnostic

‘ adaptive testing when prior and subsequent instructional methods
are different. CERL Report E-5, Computer-based Education Research
Laboratory, University of I11inois, Urbana, I11inois, March, 1979.

A computerized diagnostic adaptive test for a series of pre-algebra

signed-number lesson was programmed along with a computer-managed routing

system by which each examinee was sent to the instructional unit cor-
responding to the level of skill at which she/he stopped in the initial
test. Upon completion of the course a computerized conventional post-
test was given to the examinees. The posttest scores were not uni-
dimensional, while the pretest and post-test data obtained from a
previous study indicated a strong tendency to be unidimensional. The
response patterns of the posttest in the present study showed a high
error rate for the skills prior to stopping levels for a subgroup of
examinees.

A cluster analysis was performed on the response patterns and four
different groups were found. A disgriminant analysis indicated signifi-
cant differences among the four grodps in response patterns of the
skills in Signed number operations. After interviewing the teachers and
several students, the authors concluded that there was a proactive

5 inhibition effect.

! The scoring procedure of the adaptive testing did not consider

: individual differences in information-processing skills which were
affected by the instructional method used in previous teaching. Thus,
the students who were taught to perform the beginning part of a set of

-
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hierarchically ordered skills by 1nstruct1ona1 method A would very

lTikely get confused in a lesson in which a different instructional

method B was adopted. Consequently, quite a few number of peculiar.

response patterns were seen in the performance on the posttest. This

fact led the authors to caution that one should be careful not to rely.

solely on test results determined by performance scores on a diagnostic
“pretest when a computer-managed instructional system is to route each

examinee to their level of instruction. ]

Tatsuoka, K. & Tatsuoka, M. A model for incorporating response-time _-
data in scoring achievement tests. CERL Report E-7, Computer-—"
based Education Research Laboratory, University of I11in
I11inois, July, 1979.

The differences in type of information-pr
by different instructional backgrounds aff
the learning of further advanced inst
prior and subsequent instructiona

ssing skill developed
, negatively or positively,
ional materjals. That is, if
thods are different, a proactive .
ihhibition effect produces 1 chievement scores on a posttest. This
fact poses a serious prob for routing of students to an instructional
level on the sole ba of performance on a diagnostic adaptive test.
The authors_state that it is essential that what information-
processing s egy was used be unraveled and that this knowledge be
simultaneously.
ey note that response time often provides supplementary infor-
on which differentiates among individuals showing identical quality
of performance. A model that reflects this kind of information, obtain-
able from response time scores, is formulated in a similar manner to
. latent trait theory and is discussed. This model is useful in identi-
fying discriminating items that are sensitive to differences in instruc-
tional method. - It also is helpful in identifying an individual's
instructional background to a certain extent.

Toothaker, L. E. & Chang, H. S. Analysis of qualitative data: A
comparison of various methodologies. Paper presented at the .
annual meeting of the American Educational Research Association,

San francisco, 1979. ,

This research empirically compared several methods of analyzing
qualitative data for a variety of settings. The results showed that the
Pearson chi-square test is to be recommended for the situations examined
in this research: equal group size, ten observations per call (average),
designs ranging from 2x2 to 5x4, and 2x2x2 to 3x3x2, and various proba-
bility patterns. The ANOVA F-test, CATANOVA (an analysis of variance
for categorical data), and logit chi-square all have some limitations
and would be second choices to the Pearson chi-square test.

Tucker, S. B. & Vargas, J. S. Item'ana1y§1s of criterion-referenced
tests for a large individualized course. Unpublished paper.

For item analyzing criterion-referenced tests, the authors sug-
gested using the difference in difficulty indiées between pre-and
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//89§1¢ests. which they called the Pre-post Difference Index (PPDI). This

aper described this use and investigates in particular the sensitivity
of the PPDI to changes in instruction. Tests were given as pre- and
posttests for each of 10 self-instructional modules which the students
go through in a Tearning centet. The students were‘approximately 800
education majors. In addition to revealing weaknesses in the 1tems. the
PPDI revealed weakness in the instruction.

Conclusion: ~ Like traditional item analysis procedures for norm-
referenced tests, the authors have found the PPDI to be useful in
identifying weak items in criterion-referenced tests. In individualized
instruction, one has certain criteria one wishes students to meet, and
they are operationalized in the posttests. . There is a 1imit, therefore
to how much one would wish to improve an instructional system by re-
writing items. Any item analysis index for criterion-referenced tests
should therefore help the instructor improve student learning as well as’
his items. Improvement in instruction should be reflected in the item
analysis data. -

Although the results of the present study were not highly signi-
ficant statistically, they gave evidence that the PPDI is sensitive to
as small a change in instruction as a 10 page program. Although it is
not based on highly sophisticated theories of test construction and
analysis, the PPDI has been found to be useful in flagging not only weak
items, but weaknesses in instruction.

Unruh, R. P. Test Validity: Process and ﬁroduct dimensions. Paper
presented at the annual conference of the California Society of
Educational Program Auditors and Evaluators, San Francisco, 1979.

The author states that variables which operate a typical learning
situation may be classified into two broad categories: product vari-

ables: (i.e., what is learned, or content) and process variables (i.e.,

how the content is learned). In achievement testing careful attention

has been given to product variables, however, process variables have
generally been overlooked. The APA Standards for Educational and

Psychological Tests recognizes three major types of validity: criterion-

related, content, and construct. Each of three types of validity deal

with some aspect of expected/observed outcome (product) variables. At
the same time, the Standards contains no recommendations regarding that
class of variables which might be called process or proc¢ess-related.

Because individuals exhibit different learning styles, and because

different educational programs feature different learning environments

and styles (e.g., rote vs. discovery, individual vs. group, etc.) it is
important that individuals who use achievement tests make alldWances for
the effects of learning processes on the products of learning. For
these reasons it is suggested that users of tests should carefully
examine the relationship between the processes involved in the learning
and the testing situation as well as the relationships between the
products. Several variables which may be important when assessing the
process validity of a particular test for a program are suggested.

Walker, C. B. Control test items: A baseline measure for evaluating
achievement. Paper presented at the annual meeting of the
American Educational Research Association, Toronto, 1978.
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The author points out that the evaluator gives a posttest of
achievement to pupils in a given program, then tries to interpret the
scores by:comparing them with some type of performance baseline, norm or
expectancy. Two common types of baselines are provided by time series
data and by independent control groups. In this paper another type of
comparison is discussed for which the n trol test items (or
control items) is coined. The follgwfng topic$\are discussed: rationale
and precedents for the method, advapitages and disadvantages, sources of
possible control objectives and unrgsolved issues. )

The method proposed here consists of giving one group of program
pupils a test of two comparable sets of skills, namely program and
control objectives. The famtliar control group baseline as well as the
control items baseline are estimates of how program pupils would have
performed on program objectives without the benefit of relevant instruc-
tion. In the traditional case one draws inferences from one group of -
pupils to another, but in the case of control items the inference is
from one group of skills to another. Control test items are thus a

" conceptual analogue of control groups.

The author 1ists three advantages of control {tems: _

1) They give another indicator of program effects that can be used
along with time series and control groups. -

2) Control test items provide a method of comparison to use whén
time series cannot be used and when control pupils are completely un-
available, available in insufficient numbers, or not clearly comparable
to the treatment groups.

3) Theysare not subject to some of the prohlems that control
groups have. E.G. Since control items give a within-test, within-
pupils baseline, treatment and control measures of program pupils can be
compared without regard to program leakage.

Three disadvanteges of the control test item méthod are:

1) They do not give the type of information that control groups
do, namely, a comparison between existing programs. . .

2) It would be harder, although not impossible, to use the control
items approach outside of an objectives-based teaching and testing \~.
context.

3) The use of control items may reduce the reliability of the
total scores on program items. -

The author 1ists the five following saurces of possible control
objectives: . !
1) Look for skills which are relatively circumscribed or discrete.

2) Look for skills which used to be taught and learned at the
relevant level, but which are not now fashionable.

3) Look for skills which are traditionally taught at higher levels
but which are not inherently harder to learn at the level tested.

4) When a program objective samples only a part of a well-defined
content area, tike irregularly spelled words, control items may be
selected from the excluded part of that content. )

5) Objectives from outside the content domain of the program are

»

" available.

Some issues to be resolved involve those of sampling and formatting.
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Werts, C. E., Linn, R. L. & JOreskog, K. A conqeheric model for - !
platonic 'true scores. Educational and Psychological Measurement,
1973, 33, 311-318. , ) -

The authors provide an alternative formulation [to Levy (Psychological
Bulletin, 1969, 71, 276-277)] which allows for the model parameters to
be determined given the structural specification of zero mean error and
independence among errors for different items and between errors and
true scores. Their approach is drawn from latent structure analysis
(U. Grenander (Ed.), Probability and statistics, the Harold Cramér volume.
New York: Wiley, 1959, 9-38) for the special case of dichatomous
* latent variables. .

Werts, C. E., Linn, R. 1. & J6reskog, K. G. Intraclass reliability
estimates: WFesting structural assumptions. Educational and
Psychological Measurement, 1974, 34, 25-33. S

Intraclass correlation reliability estimates are based on the
assumption that the various measures are equivalent. Jdreskog's (Bio-
metrika, 1970, 57, 239-251) general model for the analysis of covariance
structures can be used to test the validity of -this assumption.

" - A . f
Whitely, S. E. & Dawis, R. E. The nature of objectivity with the
Rasch model, Journal of Educational Measurement, 1974, 11, 163-178. .

Rasch -and Wright have claimed that the Rasch model leads to a
higher degree of objectivity in measurement than has been previously
possible. Whitely and Dawis feund that this is not so. . >
The authors conclude that the lack of impact of the Rasch model in
test development is due more to the current status of trait measurement
than to the properties of the model. Many of the advantages of the )
Rasch model necessitate a different kind of data for trait measurement
than is now characteristic of the field. Explicit trait-item theory,
locally indepéndent items and routine administration of tests by com-
.puter, would be part of the necessary technological sophistication. ’ : o
Wilcox, R. R. Achievement -tests and latent structure models. Center for
the Study-of Evaluation, University of California at Los Angeles, :
1977. i ‘ .

.Existing latent structure models 1nte§g;& to describe achievement
tests either characterize a population of aminees in terms of a few
specific items or they characterize an item domain in terms of a single
examinee. For many sjtuations. it is desired to do both. This paper
describes a possible solution to this problem for certain important
special cases. Explicit estimates of the parameters of the model are
given. The present model generalizes the models described by Wilcox
and Morrison and it contains the binomial error.model as a special case.

-
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Wilcox, R. R. Analyzing the distractors of multiple choice test items.
Center for the Study of Evaluation, University of California at ‘
Los Angeles, 1979. . :

Wilcox states that when analyzing the distractors of multiple-

-choice test items, it is sometimes desired to determine which of the

distractors has a small probability of being chosen by a typical examinee.
At present, this problem is handled in an informal manner. In parti-

cular, using an arbitrary number of examinees, the probabilities associated
with the distractors are estimated and then sorted according to whether

the estimated values are above or below a known constant Po- In this

paper a more formal framework for solving this problem is described.

The first portion of the paper considers the problem from the point of
view of designing an experiment and a later section considers method
that might be employed in a retrospective study. Brief consideration’is
also given to how an analysis might proceed when a test item has been
altered in some way.

é}']cox, R. R.. Determining the length of a criterion-referenced test.

First-draft of a paper to appear in a special issue of APM. Center
for the Study of Evaluatien, University of California at Los Angeles,
July, 1979,

The first purpose of this paper is to give a brief review and
critique of the three general approaches that might be used when deter-
mining the length of a criterion-referenced test., Secondly, new results
on test length are described. Finally, pessible directions for future
research are indicated. ‘ : "

Wilcox states that the most important point of his paper is that

> there is no magic number or even magic formula for determining test

length. Even within the seemingly narrow problem of comparing an
examinee's true score to some constant, there are many approaches to the
problem. Moreover, in-terms of which true score to use, it is not at
all clear as to what extent the three types considered here are in
competition with one another. For the moment, the author states that
the best we can do is to be very precise about what we want to deter-
mine, consider what assumptions we are willing to make, and act accord-

ingly. .

Wilcox, R. R. On false-positive and'fh1se-negative decisions with a
mastery test. Center for the Study of Evaluation, Wniversity of
California at Los Angeles, 1979. :

. In an earlier paper Wilcox examines two methods of estimating the
probability of making a fal, ositive or false-negative.decision with a
mastery test. ‘Both procedui make an assumption about the form of the
distribution of true scores over the population of examinees which might -
not give good results in all situations. In this paper upper and lower
bounds on the two possible error types are described which make no
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assumption about the true score distribution beyond that its first two
moments exist. The first method depends only on the abjlity to determine
the mean and variance of the true score distribution. Wilcox indicates
that such estimates are readily available when the binomial or compound
binomial error model is assumed. The second mgthod is based on the
binomial error model which is frequently used to describe a mastery

test. I1luStratigiys are given on how these bounds might be used to
determine the len of the test.

Wilcox, R. R. Uppé? and lower bounds to the probabiiity of a false-
positive or false-negative decision with a mastery test. Unpublished
paper, 1978. -

In a previous paper Wilcox described two methods of estimating the
probability of a false-positive or false-negative decision with a mastery
test. Both procedures make assumptions about the form of the true score
distribution which might not give good results in all situations. In
this paper, upper and lower bounds on the two possible error types are ™

"described which make no assumption about the form of the true score

distribution.

The first method depends only on our ability to determine the mean
and variance of the true score distribution. Such estimates are readily
available when the binomial or compound binomial error model is assumed.
The second method is based on the binomial error model which is fre-

" quently used to describe a mastery test.

I1lustrations are given on how these upper and lower bounds might
be used to determine the length of the test.

Wilcox, R. R. & Yeh, J. P. Using latent structure models to measure
achievement. Center for the Study of Evaluation, University of
California at Los Angeles, 1977.

This paper considers the use of certain'types of latent structure

- models when measuring the achievement of examinees. The first portion

of this paper describes how certain exact solutions might be used as
approximations to more general solutions or as initial estimates in some !

‘iterative estimation technique. They also derive some new exact results

for the case of hierarchically related items. Finally, they illustrate
that these models. provide a correction for guessing which may lead to
different results than those obtained using the usual observed scores

when comparing two populations of examinees. : -
It is suggested that there may be technical problems when using

jterative estimation schemes for maximum likelihood estimation and that

it is often difficult tp determine whether these schemes yield rea-
sonable results. For the model described by Macready and Dayton ('77),
an approximate alternatiye is proposed using the exact algebraic solu-
tions for the parameters in theecase of separate item pairs. Using two
separate 2x2 tables, the estimates are shown to be reasonably close to
the solution provided by the jterati&e procedures involving a]‘ four .
items. . ’ . . .

A model and estimation procedure for two hierarchically related
achievement test items are discussed: (This model is a compliment of
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the item sensitivity model - i.e. by assuming that the probability of
guessing is greater than zero, and the probability of incorrect response
given that the examinee does not know the correct response is zero).
However, it is pointed out that not all the parameters can be estimated
simultaneously. To provide estimates for all the parameters, it is
suggested that a third appropriately chosen item could be used. A
numerical example is given.

When comparing two populations of examinees, it is suggested that
by assuming a probabilistic response model, the examiner may arrive at a
conclusion oppos1te to that of using the observed number-correct scores.

This result is also genera11zed to n-items tests. - A

The hierarchical model is then modified for completion items, i.e.,
by assuming that the probability of not knowing and guessing the correct
response to be zero and the probability of knowing but giving an incorrect
response to be greater than zero. (This is the same as the item sensi-
tivity model.)

Finally, it is also suggested that the models could be used to
determine whether a multiple-choice item is "ideal" in the sense that
the probability of guessing is equal to the recriprotal of fhe number of
choices (Weitzman, 1970).

Woodson, M.I.C.E. Classical test theory and criterion-referenced
scales. ' .

The author notes that for criterion-referenced scales the range of
interest is defined by a range of the characteristic rather than the
distribution of that characteristic in some population. The calibration
sample must be representative of that range of interest. When the range
of interest is appropriately defined, an appropriate calibration sample
may be selected, and c1ass1ca1 test theory applies directly to criterion-
referenced sca]es

Woodson,” M.1.C.E. The issue of item and test variance for criterion-
referenced tests. Journal of Educational Measurement, 1974, 11.

The author points out that it has been argued that item variance
and test variance are not necessary characteristics for criterion-
referenced tests, although they are necessary for norm-referenced
tests. The author believes that this position is in error because it
considers sample statistics as the criteria for evaluating items and
tests. Within a particular sample, an item or test may have no variance,
but in the population for which the test was designed and evaluated the
author believes that both items and tests must have variance.

Woodson, M.I.C.E. The issue of item and test variance for criterion-
referenced tests: A reply. Journal of Educational Measurement,
1974, 11. R

In his reply to Millman and Popham, the author states that it s a

§ necessary condition that items and tests have variance and discrimination
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in the range of interest (population df observations) for which they are
calibrated and selected. The basis for selection of the calibratjon

sa:ﬁp]e determines the kind of scale which will be developed. A random

. . sample from a population of individuals leads to a norm-referenced

3 : le, and a sample representative of abilities of a range of a character- -
— 1§;m leads to a criterion-referenced scale. :
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